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5 CRANKCASE LUBRICATING OIL COMPOSITION FOR PROTECTION
OF SILVER BEARINGS IN LOCOMOTIVE DIESEL ENGINES FIELD OF
THE INVENTION The present invention is directed to a crankcase
lubricating oil composition for 10 protection of silver bearings in

(OSANREVASHES ) ERANEHIRGDIISINOIAY 8 STRONETBSRPROATEQIEON OF

lubricating \WACRSEY: AR) RGEVE! wearprateotan mgdivefaaapesition, and
(C) one or more detergents. The silver wear protection additive

composition of the present invention comprises a mixture of (i) a

hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid and (ii) a 15

hydrocarbylamine salt of éurl- BIKYFatidepHe¥pinteOIBACKGROUND OF

THE INVENTION Lubricating oils for heavy duty diesel engines require
Theaptesaa iiyREAORGSSHisas eﬁ@,@w&saaﬁ]ﬁmaaaﬂarpéﬁ@wwﬂtmﬁifor
pfbe FARation 0k £RE R I RORIED HbaGdIHRI dNEsE FEBNKOARRIdURYICAliRg

oils must also have a high 20 alkalinity reserve to neutralize acids formed
maipihgeEhBabA! MBAGHEE YR ShctivdvaR TR reden
a8OBINE SR ifdheddaited crates AnfelBes cRWRiIePHROS®/8Nwear
additional lubrication problem. T Fically, the older heavy duty diesel _
D@i@ﬁi@tﬁé{i@ty@&@@mﬁéﬁ%ﬁé he peresrdueNeaLAnIGari SRR A gTidere
oPERENYRI TS BYEMRated PspHRSNAidenaSirREN@ L fabaugreiran ath
-and load carrying capacity, along with superior lubricity and corrosion
hysspgardavinaabiabrnalgit Hd mpsPUfortunately, these
silver-plated bearings are incompatible with many conventional additives
in lubricating oils foB A€@ [ty HiBseFenigebly Etfthérdore, silver or
silver-plated bearings pose a special problem since 30 many of the
bearing protect itive _ zine di-alkyl.di thi .
B L e G e afin
odxavinith, Hrashiz e qyeensteadd blonzarshakitiminihthale rewiiosivd engine

dsé,iB/c%it%r. 51‘.'1"888#@5%‘? tlﬁ%%gn&ﬁhkcase lubricating oils must also have a high

alkalinity reserve to neutralize acids formed during fuel combustion.

Many heavy duty locomotive and marine diesel engines in use in the United
States and other Countries'pose- an additional lubrication problem. Typically,
the older heavy duty diesel engines have silver-surfaced engine parts, such
as silver or silver-plated bearings. The silver-plated beatings provide
improved fatigue strength and load carrying capacity, along with superior
lubricity and corrosion resistance over the older needle bearings.
Unfortunately, these si[ver—'pl.ated bearings are incompatible with many
conventional additives in lubricating oils for heavy duty diesel engines.
Furthermore, silver or silver-plated bearings pose a special problem since
many ofthe _be.é_ring;_f_protec?ci\_/_a_-a'd.d_itives-, such as zinc di-alkyl di- -
thiophosphates, which are effective to protect bearings surfaced with other.

materials, for example, brass, copper, lead, bronze and aluminum, are

‘corrosive to silver or silver-plated bearings.

In the past, silver protection was largely provided by the use of lubricating oils

containing chiorinated paraffins, long chain fatty acids and sulfur-containing
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In the past, silver protection was largely provided by the use of lubricating
oils 35 containing chlorinated paraffins, long chain fatty acids and
sulfur-containing 5 compounds. However, chlorinated compounds are
perceived as having environmental problems and high sulfur-containing

asEnipBUTls Havwetrarchioissitas sosmeets drhareforsceiad RS gheas
AREDIRRREFBHIGAHS wmfhigpéﬂu%ba%\s%@maﬂgwﬂﬂ&ﬂif&%%@other

above, but provide silver protection. A number of patents have disclosed

ypsReHaREorTeisoSRIRicns: $NeEr IF0rpBsRattisie bhift MBREGRIRY oils which
Anddediharnbragednowrstiossehsenyed VIR %VIH@@@%@%R&&ecﬁon_ A

composition of the present invention. Great Britain Patent No. 1,415 964
f&i&%t&’é@@%@ﬁﬁo@ﬁi&l%ﬁ%ﬁﬂlwr&‘éﬁﬁ@@riﬂtﬁ %W%%Ml%’g 16 the
PeBHCARINVERIWIRE RaSdNSRIRQERISH: ¥AMMEIRaKIAL BRhWHERDEd with the
corrosive to silver. The composition contains (A) 15 a triester of
IshespHBELBY SR BE Rt @ Byearinssie: iBY 8RHphosphoric acid, or (C)

a mixture of hydrocarbyl phosphates of organic bases. Canadian Patent
SABidthdBaases@ dricaity ol dosmoaitommestprisisigtditives
reaction product obtained hy the neutralization with an alkaline earth

e i R BE oL B AT NPT AR T B R araRatee
witlentivlakingdeakibdosith @arbeivaioxideeThd Inaienpugiesiscthatineg (A)

lupricating oil, of the invention is likely to, protect sjlver beayings in railway .
B B g0 RTINS G LB Ak G Bposihore acid
torfGaldehyderand/nydny scbphpbusdhabecholvigeadiyrdeseompose to give
free formaldehyde to 25 effectively inhibit silver corrosion caused by

&y ‘éﬂﬁ&ﬂﬁ@%ﬂ?flﬁ? ' Pufizg ﬁ%%dét%%%i}é’éa g‘%ﬁ?&%ﬁﬁ?&t‘%@ the
oxidation inhibiting or other désirable properties of'these sulfur-containing
eoidifivisd L8 RatetinNpraiea7ds3rdddyste aagirelicatiposiitbreofalkaline
iSi f r i il- ty -
D L AL e
#dhmanioht hare3grrtechyith carbon dioxide. The patent suggests that the
lubricating oil of the invention is likely to protect silver bearings in railway

diesel engines.

U.S. Patent No. 2,959,546 discloses the use of formaldehyde and/or any

compound which will readily decompose to give free formaldehyde to
effectively inhibit silver corrosion caused by sulfurized and phosphor-
sulfurized additives without interfering with the oxidation inhibiting or other

desirable properties of these sulfur-containing additives.

U.S. Patent No. 3,267,033 discloses a novel composition of matter comprising
from about 1 fo 3 parts by weight of an oil-soluble fatty acid having at least 12
aliphatic carbon atoms in the fatty radical and from about 1 to 3 parts by
weight of a tertiary-aliphatic primary amine salt of a partially esterified

phosphoric acid in which the ester radical has from 1 to about 30 aliphatic

~ carbon atoms. The composition imparts desirable frictional characteristics to

lubricants.
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weight of a tertiary-aliphatic primary amine salt of a partially esterified
phosphoric acid in which the ester radical has from 1 to about 30 aliphatic
carbon atoms. The composition imparts desirable frictional characteristics
to lubricants. 2 5 U.S. Patent No. 3,649,373 discloses a silver passivating -
ot RaiticnNooRsfstthg 61 disclorassesiiue shasdrtinaHeERBaHnn
EOMRAHRAL R AR LR NCtBs i ar3ak USEHRRER PR Sund.
compositions comprising alkali and alkaline earth metal phenates,
chlorinated hydrocarbonaceous components, sulfur-containjn ..
ol Nraphtoi 4 USRS SERTRS UG QmEip ng
neIpxed RislaneaihweskibBeHasyer morinbreazeenginebonaceous
components. U.S. Patent No. 4,169,799 discloses a lubrjcating qil . .
@emaa@ﬁmﬁ,C%H{arﬁW@@l@amsmaﬁaH%féW&ﬁMé%ﬂ%&ﬁgﬂﬁ gianine

e¥aTpasertaiaioe earbimeiloventrigistatieylitherelate Bothailver and
chlorinated sulfurized alkylphenol. 15 U.S. Patent No. 4,244,827 discloses
RIRBFR &I 8?%9%‘?)% osphoric acids di-esters produced from 1,2-
diols or 1-mercapto-2-hydroxy compounds by reaction with P2S5 as
exeelestestalddizin ¢Gpéat duciobasantsbticalirgteihtiopo2ferbeantaining a
discloses.a railway diesel Jubricating.oil gontaini 1\ 0Ssiof
RGPS A DR o S el S R meta
contenirafiohylfrbemakdatahd tochionveitit petteired BkwaiemaNo.
4,285,823 discloses a silver corrosion inhibitor for railway diesel engine
Ipgicating oig camprsing apdiralkdaminaras by lir-arinoidprisiarsie.
Lt;%l gg?egﬁt No. 4,575,431 discloses a lubricating oil additiveéc_:ﬁ())mprising a

2BidhdirssrpisegHaassreadlphodishats beirsasiertiyfay gempounds
iﬁ%’iﬁ?éﬁmwz‘?‘ﬁ%@@&&ﬁ%ﬂ%it%%i_(ﬁlr%"é Qeabyhipraeen di-

osphates; and (b) a sulfur-free mixturé of hydrocarbyl di-hydrogen

“U.S. Patent No. 4,278,553 discloses a railway diesel lubricating oit containing

a silver corrasion inhibitor comprising a benzotriazole compound present in

concentrations from about 0.5 to 2.0 weight percent.

U.S. Patent No. 4,285,823 discloses a silver corrosion inhibitor for railway
diesel engine lubricating oils comprising an N-alkylaminomethyl-5-amino-1H-

tetrazole.

1.S. Patent No. 4,575,431 discloses a lubricating oil additive comprising a
mixture of phosphates, said phosphates being essentially free of mono- |
thiophosphates and comprising (a) di-hydrocarbyl hydrogen di-
thiophosphates; and (b) a sulfur-free mixture of hydrocarbyl di-hydrogen
phosphates, said composition being at least 50% neutralized by a hydrocarbyl

amine having 10 to 30 carbons in said hydrocarby! group.

U.S. Patent No. 4,717 490 discloses a lubricating oil containing (1) an alkali
metal borate; (2) an oil-soluble sulfur compound; (3) a di-atkyl hydrogen

phosphate; and (4) a mixture of neutralized phosphates said phosphates

3.
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phosphates, said composition being at least 50% neutralized by a
hydrocarbyl amine having 10 to 30 carbons in said hydrocarbyl group. 30
U.S. Patent No. 4,717,490 discloses a lubricating oil containing (1) an

alkali metal borate; (2) an oil-soluble sulfur compound; (3) a di-alkyl
Heidpgesepiaspirate phntba)-thimphospbé teeuwhlide it igresp hvtes gatiwally to

GRRNEER, 20 PN SSsERPiee 6 magdhigRnasphates which

Interact synergistically to provide a superior load carrying
roperties. U.S. Patent No. 4,764,296 discloses a lubricating oil

lgcﬁn padriiiNer falifdy? Whclerisginad whiieAtEsnpilcedaaabrediagaivay

d12ss) BARSBIERR ISR RIS & Ridbre Al RN QVBHAaSesh AkAlng Hbrsant,
metal alkylphenolate and alkyl 10 sulfonate cog&ounds and a polyhﬁidroxy

EMEEIMATINE Y6TbG sk alinRaBh ARl FIPASRAGRBgATKY!
SQmRAUESh eda@m@g&%a@&&fﬁ@@m@wwma%wa%m
alu

Patent No. 4,820,431 discloses bricating oil for protection against
QiigeniviarirrainyiesereRgmas W KrdrrRfsonRts and a

chigrinaisd nlafxdiesarbons or with reduced levels thereof. The
composition comprises a silver protective compound selected from the

AR bR A R e s
m?fmsia% ithe;p@lapmm eng‘lpesimdwciiaﬁw(k) &bwﬂaww\?imm:‘?rmfmated
in. 20 U.S. Patent No. 5,244 591 di ially. ine-
R A T s e T
Qﬂtﬁﬂ@t@t@?ﬁm&i@mmmmm meltibe%r]mgmemtfsswhtm@ @irévide; to Coy
tect on rein or certain
B A B BT At e T & B AR 5% g guch esters

 disties miniatbacbofppiobegting pivgnphds\and @B imhikifiby) copper, and a

cg r_oLSiop H’u %Qail%%_rnal combustion engine and a silver-wear and

& {?&}gf\ﬁeappro ection additive in a lubricating composition comprising a
U.S. Patent No. 5,244,591 discloses essentially chiorine-free lubricating
compositions having a TBN of 10-30 designed for use in internal combustion
engines having silver bearing parts which provide protection for said bearings

via incorporation therein of certain unsaturated aliphatic carboxylic acids.

U.S. Patent No. 5,302,304 discloses a method of protecting silver parts and
inhibiting copper corrosion in an intemal combustion engine and a silver-wear
and copper-wear protection additive in a lubricating composition comprising a
major prbporfion of an oil of lubricating viscosity and a minor amount of a

silver-wear and copper-corrosion protection additive comprising the reaction

product of an amine, formic acid and a Cs to Cgo carboxylic acid.

U.S. Patent Application Serial No. 10!463,93'2 {Publication No. US
2004/0259743 A1) discloses a Iubricating ail composition containing: (1) an
anti-wear package comprising: (a) a hydrocarbyl phosphate and amine salt
thereof; and (b) an alkylene coupled adduct of a hydrocarbyl substituted

dithiophosphoric acid and an o,f-unsaturated carbonyl containing compound;

-4 -
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major proportion of an oil of lubricating viscosity and a minor amount of a
silver-wear and copper-corrosion protection additive comprising the

rERGAORNATEAHEH® BRolaNRLILARh AR} boiche: ar
a?d. 30 ?J.S‘ Paterﬁ%?éggh catign ?eﬁﬁ\%?lOl%@B%%%aﬁ%& and

Hobs 3 IRBTRENS ¥k aiRpoRb I Gtalhinh:
(%ﬁeaaﬁg-maa?s:k@a@ GRBRASH R dverocarind BRosphals and e o
amine salt thereof; and (b) an alkylene coupled adduct of a hydrocarbyl
Jubggaitea odignoprsiapmddis iR BrindisdiabBuidaicespadiatyhydraulic
GeptRining compound; -4 5 (2) an anti-oxidant package comprising: (a) a -
hydrocarbyldiphenylamine; and (b) a sterically hindered phenol; (3) a -

etal deactivator; and (4% gar,l ?il of lu rica&ié%viscosity: The invention

t

fiktRel ALpNEARB IR QRoceEE bith ARG Uil i dbgAbPe dWepdéition and
i@mdozeﬂglﬂﬁlakfﬂﬁ@ﬁd@gmi@qh%mﬁmﬁ@riﬂaliﬁ%dkﬁfw . é’a&ggé

Application Serial No. 10/630,026 (Publication No. US 2005/0026791 Al)
FroviaES A 2ilRBRIRNB FUBERSEHIGRIE B SakbRe EbRIEMSIG M1east one

hygpratYamine satha: chmlkyhresnen tierRhosphais o The obiesiffive

the invention therein is to provide an additive package which can be used

T “

o HRERtd TR B R SERUIRSR ARG IOYSHHESRUrEShIaNd Towy
OnER HeHer s B R R N S R MARYRE THE

Jusristmaa el i apicatasata et ivEa s fc LR phme A st b
TION The present invention is directed to a crankcase lubricating

oil composition for protectiop, of siiver bearings, in locomotive diesel
engines comprising (A) cating viscosity,

Yol alsAday. h-b"&'
o110 Ak

- (B) a silver wear protection 20 additive composition and (C) one or more

detergentent e siltienvieairqriaté diancaalditescirbpostion af Hempressst for

in-ve?ti%il co g}{isei?a mixture ?(5{%3 a hgdr carbylamine salt of a di-alkyl

M AT o R T A

phegphateount of an oif of lubricating viscosity, (B) a silver wear protection -
additive composition and {C) one or more detergents. The silver wear
protection additive cornposition of the present invention comprises a mixture
of (i) a hydrocarbylamine salt of a di-alkyl di-thisphosphoric acid and (i) &

ﬂhydrosarb—yiamine salt of an alkyl acid phosphate.

In a first aspect, there is provided a locomotive diesel engine or marine diesel engine

lubricating oil composition comprising:

(A)  amajoramount of an oil of Iubficating viscosity;

(B)  asilver wear protection additive composition comprising a mixture
of (i) a hydrocarbylamine salt of a di-alky di~thiophoéphoric acid
and (i) a hydrdcarbyiamine salt of an alkyl acid phosphate: and

(C)  one or more low, medium or high overbased detergents.

in the silver wear protection additive composition of the above fubricating ol

compasition, preferably the ratio of the mixture of (i) the hydrocarbylamine salt

_5-
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In a first aspect, there is provided a locomotive diesel engine or marine
diesel engine lubricating oil composition comprising: ?5 (A) a major
amount of an oil of lubricating viscosity; (B) a silver wear protection
additive composition comprising a mixture of (i) a hydrocarbylamine salt

of theldamiyticitiipnbepnbadasridant (i) £ re dvstaciarmmaizasat shthe
Akl agid 21 Ansh SRS RRER MR dRYsrSdUm &t Nigh the range

overbased detergents. In‘the silver wear gf rotection additive composition of

qﬁ@ta@@w fUbiionielg BiPesiApbiriaho prefd ANPIBR: RIS tha R eRdTS
? | K
(“) the hagqlp&@{m RIBYRS S on Bkt Aicd! W%T@FQW{@@@@@Q ©)

drocarbylamine sdlt of the alkyl acid phosphate in (B) to the one

isrimire wseryeimda€) 08 e ighigee il databout b hetgit phrespent
B%EQ@%@HQ%H&I%%%PSPE@&%@& JniabwpiskHioh thendrarj Vé!%biy

oll composition. Preferabl the ratio of (B) to (C) is in the range of about

hosato whi§atpbfesntabl 556@&@)1@ Weii tBEaR AT 80WHRd IF ineighal
ﬁ:&i&éﬁ%t%&mo?@%%] ERBRasiiRsMoarRiarblHigHiadoes the

ture of (B) to (C) is in the range of about 0.1:10 weight percent to
W@ﬁfﬂﬁ@)%@gﬁ’t%@@ﬁt based on the total weight of the lubricating oil
composition. In the silver wear protection additive composition of the

pbave slif!@éécaz@%ao%i%t&tml dian dbﬂa pmmztrgfrég)ﬁ@{elﬁ)dﬁd@ iﬁﬁﬁdb’tg'lg oil

range of about mole rce ahno . mo er eaon .
Rttt Ot ety S

Eb %ﬁﬂﬂ%ﬁ@ftﬁ:@lwg?m@? 'ﬁ@ﬂ:d?ﬁr)@gﬁé@(ﬁbﬂté ’c’kglﬁ(t?rm@g eefigemid (it).
ased on e (otal moiles o | ra

Hioth B BaS R b B o BB oy oy AR frbie

Perééﬁha)sdy@aweor@@@tlperaédttws@anmom@m@i ﬂn@l@btm‘em and (ii).

bricating oil
I’\lﬁoslt pi!e re;biy the ratio of (i) to (i) in (B) is about 50:50 moie percent based

on the total moles of (i) and (ii).

in the silver wear protection additive composition of the abaove lubricating oil
composition the di-alkyl di-thiophosphoric acid employed to prepare the

hydrocarbylamine salt is essehtial!y free of mono-thiophosphates.

The alkyl groups on the di-alky! di-thiophosphoric acid and the atky! acid
phosphate in silver wear protebtion additive composition of the above
iubricating oil composition independently are linear chain or branched chain
alkyl groups. Preferably alkyl groups on the di-alkyl di-thiophosphoric acid
and the atkyl acid phosphate are linear chain alkyl groups.

‘The alkyl groups on the di-alky! di-thiophosphoric acid and the alkyl acid

phosphate in the silver wear protection additive composition of the above
lubricating oil composition preferably independently have from about 3 carbon
atoms to about 40 carbon atoms. More preferably th'e‘ atkyl groups on the di-
alkyl di-thiophosphoric acid and the alkyl acid phosphate in_depéndently have
from about 3 carbon atoms to about 20 carbon atorns. Most preferab[y the

alkyl groups on the di-alky! di-thiophosphoric acid and the alkyl acnd
-6 -
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composition the di-alkyl di-thiophosphoric acid employed to prepare the
hydrocarbylamine salt is essentially free of mono-thiophosphates. The
alkyl groups on the di-alkyl di-thiophosphoric acid and the alkyl acid 25
phosphate in silver wear protection additive composition of the above
phubsoaditegindepemgositiohdvd dpemdarmlyt 4redifear aieans 6 BRdhEY carbon
hr%ig alkyl groups. Preferably alkyl groups on the di-alkyl
-thiophosphoric acid and the alkyl acid phosphate are linear chain alkyl

groups. The alkyl groups on the di-alky! di-thiophosphoric acid and the
Ratdgrably tBe pridssmakyginersmeiwdaidprsrbrbminaiferioyssoSbake

tff?r% ﬁ?g@@@%ﬂ%iﬁ@tmgibﬁﬂﬂtﬁﬁtmm@mbw@d@@@mﬁ@ﬂw@me

Jout 3'carbon atoms to about 40 carbon atoms. More preferably
coia poidfiigpaviié© AR L RIIGAHRSHI RERpRSIFe R SasRaThebaky aeaibon
ROORPRALE RAeREESSRIY Saves fremra F&@@M‘&tﬁcﬁ?ﬁd@rﬁ?pgm on

carbon atoms. Most preferably the 35 alkyl groups on the di-alkyl
topthisisneaphdnaiacidan dram awufa&?dcaégyar%gmmm RPN
M6 PP ARaU AR A SRS £ R s TAhCATBRAL GBS Praisenbly

the hydrocarbyl group on the hydrocarbylamine employed to make the

gtecaahbiaralinh atngeHpIiy an KOS Al PRdigrPHRqiflest

(rRRPASHIMROhJaRRBANA bIBRigANa-PHIReMPEFHLAN has from about 8

‘carbon 10. atoms to about 40 carbon atoms. More preferably the

e B o 508 e R S AT AT RE,
rﬂl}kwa)@ﬁel tgﬁ@umr'\x/l&/ls}fﬁ cﬁrffersbd\ia‘ @immmmglr@@mﬁmam?&gmwer a|ar
alken roup.. iVMios rere rocar roup IS an alkenyi..group. -
T PRUTT RS a R L e o B e B SR

- Ryesadaatingsaio ke atkyhadid hbsiiratecesafiopedrin the silver

wﬁ%@wear pri?;glﬁca%?igeaggﬁ“s\,/%lg ?nrln S?cla_té?@agifégf %9%%‘&5%‘?35'8%' rﬁ?/é)ajg}carbyi‘a mine
salt of the di—éi‘kyl di-thiophosphoric acid and the hydmcarbyiamine salt of the

alky! acid phosphate are mono-hydrocarbylamine salts.

Most preferably the alkyl group on the di-alkyl di-thiophosphoric acid is n-
hexyl, and on the alkyl acid phosphate is n-butyl, and the hydrocarbyl group
on the _hydrocarbylamine is oleyl in the silver wear protection additive

composition of above lubricating oil composition.

The one or more detergents in (C) employed in the above {ubricating oil

composition may be one or a mixture of neutral, low, medium or high

‘overbased metal detergents, which may include sulfurized metal detergents.

~ The high overbased sulfurized metal detergents may be high overbased

sulfurized, carbonated metal detergents. Preferably the metal is an alkali
metal or an alkaline earth metal. More preferably the metal is an alkaline
earth metal, such as calcium or magnesium. Most preferably the alkaline

earth metal is calcium.



mono-hydrocarbylamine salts, di-hydroc'arbylamine salts or tri-
hydrocarbylamine salts, or mixtures thereof. Preferably the

5 hyditsarbyitartimecicsatinekitiordiblky shidbienhogpitisic keidangiB ase

hydrocarbylamine salt of the alkyl acid phosphate ar
TN bLTEy RS SHRST AT P LRy 10 sl b hantotal Base
_di-N!évrt@%mmfﬁqsﬁﬁ?é@@b@lﬂ@cﬁmp@swoaﬁg_métﬁ@&@gi%é @f:wo?ﬁ%li@@t% to
is n-butyl, and the hydrocarbyl group on the hydrocarbylamine is oleyl in -
e B ea BrJRoE TR Ve 0 AURAUD LN Ch S AEHaBISABAY GRd
comperiderbyT e enripiomeradeinganialies (3 lempeyed NdReARYE in the
lubricating oil compagsition may be one or a mixture of neutral, low, ~

10 metiitith BPRIGH GV BARAP IHERHABRAGERR WHIERRAEiHENigating ol
sulbezeesiastal tRECFARBERN DhenBighc-exesBRIedSHELHERIMIERA cid oxidation .

detergents may be high overbased 30 sulfurized, carbonated metal

- delrGUIRS: SHAR BB RHAE et iPYRd AR FOmbE i aR s sdrHdiesel |
mealiiar erpreferabivitiamataldsian R A amstalifheh Fictergents

calcium or magnesium. Most preferably the alkaline earth metal is

caleRThbRE7USeFhdAUBTREHNG VESRRSESI T BFieRe predentriasmmsachalid
15 Tots Bares Nuphaldadhadangn Qi demahoulerinabeulid S raferakly

the Total Base Number of the lubricating oil composition is’in the range of
froftipeRiess YhdutRn obdifieien HPtIESITS SladamaRaitp dhe lubricating oil
- neykializingisARsais FdenpIRVidRARY hesaddiien ol e 105 iabis
the detergents emplo?gd in the 10 silver wear proteC%%n aﬁ\%gﬁg agall_able
corfpiBsitsAlithe above lubricating oil composition. The function of the -
metal salt is to neutralize the acid oxidation products, such as sulfuric

acigfeunsrRusREBR SiPRJSBEICCE dhriess!t PRAINRSTRALERBRDIRRIR 2.
~diesel lubricating oils. Varigus types of detergents can be used, for .

- 2oy ahiple, evddsdeiitiriAst and/or carbonated alkyl 15 phenafes,

- overbased alkyl salicylates and overbased alkyl or alkaryl

The above lubricating oil compaosition may further comprise one or more
jubricating oil additives selected from dfispersants, anti-oxidants, vié‘cosity
index improvers and corrosior inhibitors. Preferably the above I.ubri'caﬁng oif
compoesition further comprises one or more dispersants. More preferably the
2‘5 | dis;ﬁersants are ashless dispersants. Most preferably the ashiless dispersants

are derivatives of succinic anfydride.

In a second aspect, there is provided a locomotive diesel engine or marine diesel
engine lubricating oil concentrate comprising:

(A)  from about 80 weight percent to about 10 weight parcent of an oil

30 -~ of{ubricating viscesity; and

(B)  from about 10 weight percent to about 80 weight parcent of (a)a
silver wear protection additive composition comprising a mixture

of (i) a hydrocarbylamihe sait of a di-alkyl di-thiophosphoric acid

8-
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- of about 0.01:1
the total weight of the Iubrlcatln 0il concentrate. P, b e ratio o
(B OIS PR BPABT T Vg b BREook AR Ca i of

sulfonates. Mixtures of different detergents may be used in the lubricating

-~ oil composition of the present invention. These detergents are readily
- available -.eommetcialirotacifaricaingatilafompdsitienidighegpresantand

invention passes the EMD 2- 20 56/E "2- ve
lubricating &% SR YSTHBE 3\9 fOr eL}néocggrgsﬁe%{\ég%%r%&e%t%%égﬁng
oil additives selected from dispersants, anti-oxidants, viscosity index
PO YRYS ARE AasFeRiatidn muusuise Regferablicthe Bihevetubeitattingadihg oil

composition further comp one or e dispersa e preferably
AR TEEERD

GRBOENHRIGRISTRERY 'é?s ed@rgiejr S MESTBre the ashless

HiRReEsARR mﬁéﬂe&w@m@ @a‘-su@mmetmpmmem asiecand @sihaot,

there is provided a otlv di ese Blne ortmarlpeég) el engine
RS Ry BTOR B CAN G DR B E P TR AL eI ey
abruEAAwRIghY E%GEFC% aira@amif 8bmitlotuicatngaiigaosisceando Bpons: 10

about 10 Welght percent to a 90 W erc nt o a. silver wea
BiREEH R SRIi RS T D% d’ﬁ%ﬁg %3 'gﬁ H(fgg jlgconcentra{e

bygrocabwasyagossite) ﬁadb?i&)ﬁ'rﬂﬂﬁblmnh@ﬁ@ﬁdmbs&a i) Bercent

hydrocarbylamme salt of an alkyl acid p one,or more
i e A L A

@9@5@4%@@99@%@5&@%%@%%@9@ enaekatenpeetaabbuin
&B) the ratio of the mixture of the é hydrocarbgﬁamlne salt of the di-alkyl

nSpneigiaE Rl BPaRtthe PYRIBROH Mﬁ%%ﬁ%ﬁﬁéﬁéﬁweehf
agid, phospbate grbgaédgd@@tmg or more detergents in (b) is in the range

weight percent to about 5:10 weight percent based on

‘concentrate, the ratio of (i) to (i} in (a). is in the' range of about-80:20 mole
percent to about 20:80 mole:percent based on the total moies of (iy and (ii).
More preferably the ratio of (i) to (i) in (a) is in'the range of about 60:40 mole

percent to about 40:60 mole percent based on the fotal moles of (i) and (ii).

Most preferably the ratio of (l) {o (n) in (a) is about 50 50 mole percent based

on the total moles of (i) and (ii).

Iri the silver wear protection additive composition of the above lubricafing oil
concentrate, the di-alkyl di-thiophosphoric acid V.e-m-piOyed'to -'pr'epare the

hydrocarbylamine salt is essenﬁatly free of m'ono—thi'ephosphates_.

The alkyl groups on the di-alkyl di~thiop_hospho_ri‘c acid and the alkyt acid
phosphate in sitver wear protection additive composition of the-above
lubricating oil concentrate Endependenﬂy are linear chain or branched chain
alkyl groups. Preferably alkyl groups on the di-alky! di-thiophosphoric acid

and the alkyl acid phosphate are linear chain alkyl groups.

The atkyl .groups on the di-atkyl di-thiophosphoric acid and the alkyl acid

phosphate in the sitver wear protection additive compostiiion of the above
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to about 3:10 weight percent based on the total weight of the lubricating oll
15 concentrate. More preferably the ratio of (a) to (b) is in the range of
about 0.1:10 weight percent to about 1:10 weight percent based on the
total weight of the lubricating oil concentrate. In the silver wear protection
R S BP R BB TR MURCSRRE P 6 REXAIRE, Ao Hhrioaroon
Moo ditbinga)isin theganaecshabmido Ze mmelsy20 Pereanitaaba the di-
20:80 mole percent based on the total moles, of (i) and (ii%}. More
lereriyamRasRIAsIcH B! @Nthie R ARG RRgeritalBdlt 8peas fhdiehave
RersaMdgaesiil Gldrfladarmantimseathon thertetalviasiesrefdibiydhe

L

prdEe-comBepnnaitha koo ieating @itbeonsentiate, dbeui4@iodrbon
di-thiophosphoric acid employed to prepare the hydrocarbylamine salt is
égé‘é‘ﬁtially free of mono-thiophosphates. The alkyl groups on the di-alkyl
di-thiophosphoric acid and the alkyl acid phosphate in silver wear

prefestibly ddditiyeroompysiganpfahdteboyer80dihieating @ihphryeentvateke
ind dent li hai b hed i P
et e air A s e ant Mone o e, heipiitn

. phesphstevarzibneatichain edndarateshasératkyalpotiBserbireatbalkyib

di-thipphosphoric acid angd the alkyl aci 0 in.the,silver
eREhE TR e R Y
bgdestdratggirifer dbly frotepsrulently trrbeframrabdotdoat ithcatomsatoms. |
out 40,carbon atoms.,More preferabl | up t |-

RO LAY S an s St Bre e tne
mtiphatiogtSugaiban alaphgtowgboutaGiatdrgaoms Maebpprtferhlyljhiae

lkyl gro on the.di-alkyl di-thi phoric acid and the alkyl acid 10
%ngg aa}t{gy?r%ré)ﬁgnl e%?l)% ﬂ(g\?&nfépénpﬁbout 4 carbon atoms to about 10

carbon
The hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid and the

hydrocarbylamine salt of the alkyl acid phosphate employed in the silver wear
protection additive composition-of the above lubricating oil concentrate are
moné-hydroéarbylamine salts, di-hydrocarbylamine salts or tri-
hydrocarbylamine salts, or mixtures thereof. Preferably the hydrocarbylamine
salt of the di-alky! di-thiophosphoric acid and the hydrocarbylamine salt of the

alkyl acid phosphate are mono-hydrocarbylamine salts.

Most preferabiy the alkyl group on the di-alkyl di-thiophosphoric acid is n-
hexy!, the alkyl acid phosphate is n-butyl, and the hydrocarbyl group on the
hydrocarbylamine is oleyl as employed in the sitver wear protection additive

composition of the above lubricating oil concentrate.

The one or more detergents in (b) employed in the silver wear protection

‘additive composition of the above lubricating oil concentrate may be a mixture

- of low, medium or h'igh overbased metal detergents, which may be sulfurized

and/for carbonated metal detergents. Preferably the metal is ah alkali metal or

-an alkaline earth metal. More preferably the metal is an alkaline earth metal,
-0 -



atoms. Preferably the hydrocarbyl group on the hydrocarbylamine
) employed to make the hydrocarbylamine salts in the silver wear -

5 RIMeGHomRdditive cempesiion. afitet abeleduhricalintailroreemigistal is
has from about 8 carbon atoms to 15 about 40 carbon atoms. More
rﬁ%@ér‘ﬁbly the hydrocarbyl group on the hydrocarbylamine has from about
12 carbon atoms to about 20 carbon atoms. Preferably the hydrocarbyl

grﬁ'w@ﬁ@m@tiigbanﬁ@mum&msimfafarﬁ?lmh haedé@hmtr»gglr@u@ israncakyl
poran ost preferably the hydraocar roup.is an
R Db 23 S T by T S R SF B g . Viscsty
dh@@y@ﬁhgwg@gcaaﬁl%@ﬁ@m hﬂdmmsbym@ﬁmbwltﬁétbbcﬂ%%w@atmg ol
. phosphate employed in the silver wear rotgri:tron ad%Sa comaosrtron of
10 R R ENCANh G UM REREB S A TR P Ry THB et RIRE D Y the
| dhé‘ty@trmgbartaram@@tar@pt»rnsémdror:mbytarmewtﬁa@e@m@%e@:spersants
- thereof. Preferably the hydro mrne 25 salt of the di-alkyl
oﬁfﬁtﬂﬁm@é‘ﬁﬁﬁﬁg aefd-ahd ﬂﬁ%’%ﬂ?)/ Scarbylamrne salt of the alkyl acrd

hos arem drocarb e salt ref the . )
Rt Y2 B 6 niop HERAHBH SRR nEky b SIE I Si bearings in 2
tnmpnﬁve igipsglpnging mnm@eaﬂwngrmom@q&mrdbareym ipgarings with
- e IR rasBRypinyeshipdaaishveseasiatetection additive 30 composition

15 of the above lubricating oil concentrate. The one or more detergents in (b)
employed in the silver wear protection additive composition of the above

lubrigating oil concentrate ma jum or high
over@sed me%l?dep] rgue?r 8 Wﬁ) rpm%ré% %ﬁ{\é}rrz%éng d/or carbonated
metal detergents Preferably the metal is an alkali metal or 35 an alkaline
eartiiihetah Mives preforattjetiéiomatdityarcakansiioardvmetaing @ Sixture
such as calgiyfi,of (RRgRSMyanYRL RfeleRaballs AlAIBB RIS AR

- and (ii) a hydrocarbylamine salt of an alkyl acid phosphate; and

20 | (C) oneor more low. medium or high overbased de’tergents. :

inthe sitve{-wear'protection additive compositien of the above method,
preferably the ratio of the mixture of the (i)'hydrecarbyiamine salt of the di-
alkyl di-thiophosphoric acid and (if) the hydrocarbylamine salt of the alkyl acid
phosph.a”te:itt (B) fo the one or more detergents in (_Cj is rn the range of about
25 0.01:10 moie percent to about 5:10 weight percent based on the totaf weight
of the lubricating oil composition. Preferably the ratio of (B} to (C) is in the
range of about 0.05:10 weight percent to about 3:10 weight percent based on
the total weight of the Iubricating oil composition. More preferably the ratio of
(B) fo (C}is in the range of about 0.1:10 weight percent to about 1:10 weight_

30 percent based on the total weight of the jubricating oil composition,

In the silver wear protection additive composition of the above lubricating

method, the ratio of (i) to (i) in (B) is in the range of about 80:20 mole percent

to about 20:80 mole percent based on the tolal moles of (i) and {ii). More
NEE
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The above lubricating oil composition may further comprise one or more
lubricating oil additives selected from dispersants, anti-oxidants, viscosity
index improvers and corrosion inhibitors. Preferably. the above lubricating
oil 10 composition further comprises one or more dispersants. More
preferably the rafipeisthie ibiadRbissivihiseranats oMW SR AD el
ashless dispessRNs vy erifsivRtvesafauccnicBydidgolBLINand (i),

aspect, there is provided a method for protecting silver bearings in a
INeshpiRferallyehengte efdhkesde '&éb%ﬁ@ﬂ&%&%@“ﬂ%@ Bfvegnt based
beafiRogWithdhe Igp(jygyi{ag(g_l composition comprising: 15 (A) a major

amount of an oil of lubricating viscosity; (B) a silver wear protection
additive_ composition comprising, a mixture of (i) a yﬁgﬁ\o/c rbylamine sal .
o &-2lliGF HTAR w%esﬁaﬁéggéﬁvaﬁam%s%ggé RhRYS Dt e d-
allkwh anichpierpiprisianeie ()@ o Mejsdentheadimmcarjgimine salt is
overbased detergents. In ilver We%;:lr protection additive composition of

Bf the mixture of the )

hydrocarbyla mine salt of the di- alkyl di-thiophosphoric acid and (ii) the
hiazcalb gramjrecsathef dhalifydidbid pphoppbéateani@nd the aleyloacid

re det ts in (C)isi [ A 10 mol
P e P e B R Mol BB o
dadwositdentil ke latby thé aitio b B )dosCy isiin byl ramgpof dyeferably
0.05:10 weight at b 3: j d the. total
K e e A LT

tpHGypbatethecringeraffaio iRyl growpsight percent to about 1:10 weight
30 percent based on the total weight of the lubricating oil composition. In

the. i r proteciion adalitive compasitionof the:abo Hoating-: ¢
O R el i

pehesphatedndie 206 eRs perterlivhaddibrrremrasiiorsiong abeve
(Wre%%rff prefera'bly independently have from about 3 carbon atoms to about 40

carbon atoms. More preferably the alkyl groups on the di-alkyl di-
thiophosphoric acid and the alkyl acid phosphate independently have from

about 3 carbon atoms to about 20 carbon atoms. Most preferably the alkyl

groups on the di-alkyl di-thiophosphoric acid and the alkyl acid phosphate

independently have from about 4 carbon atoms to about 10 carbon atoms.

Preferably fhe hydrocarbyl group on the hydrocarbylamine employed to make
the hydrocarbyfamine.salts in the silver wear protection' additive composition
of the above method has from about 8 carbon atoms to about 40 carbon
atoms. More preferably the hydrocarbyl group on the hydrocarbylamine has
from about 12 carbon atoms to about 20 carbon atoms. Preferably the
hydrocarby! group is an aliphatic group. More preferably the aiiphatic group is
an atkyl group or an alkenyl group. Most preferably the hydrocarbyl group is
“an alkenyl group.

The hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid and the

hydrocarbylamine salt of the alkyl acid phosphate employed in the silver wear

12 -
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-11 5 preferably the ratio of (i) to (ii) in (B) is in the range of about 60:40
mole percent to about 40:60 mole percent based on the total moles of (i) -
and (ii). Most preferably the ratio of (i) to (ii) in (B) is about 50:50 mole

t based on the total moles, of (i) and (ii). In the il
PSRRI SRR P UGS WP b BT aly

htihibieR bﬁxa?hi@@c?@@, eimipley Sdatﬂﬁﬂmafeh ﬁwﬁfx?dmaﬁdymﬁb@lamlmel
essentially free of mono-thiopho es, The a roups ont i-alky
SRR Pt UG Ler PGSR O Pl Lgne doaliy
dPreiesies addit veieoampbsitonyat doavaimetmitoiride pingderdly are
linear chain or branched chain alkyl groups. Preferably 15 alkyl groups on
pﬂ‘f@@l‘?—%’iﬁﬁr&fﬁﬁ%}?ﬁ%¥ Ffb‘??c.r%@%{é?% ﬁ?gt%lkyl acid phosphate are linear
chain alkyl groups. The alkyl groups on the di-alkyl di-thiophosphoric acid
Mo thefatiiiladiv: pliobphatp inntHbesiliatkybdi-pricelzasphadigitgd is n-

compgesitign of the a thod prefer j )
B A RPN MBS 40 DL e o SER A L e
hatkylagndnyfanainatie diegfkgfiakimphotsheificcasiganpreteciingl additive
hos hf';\te in ende(%ﬁg have from about 3 carbon atoms to about 20
ng?Bé)ﬁ' A0ms. Mos preé'rably the alkyl groups on the di-alkyl

di-thiophosphoric acid and the alkyl acid phosphate independently have
Thernrdonrpcarbiewions o dbbeimiossbih BiolHEriostingfiseRpesition
SPYHLOSRE0U SAHB AL Y poREMAR RE.RAARISY RAOHRAERR high

hydrocarbylamine salts’in the silver wear protection additive composition

oyethe sesbietabiRia1848 o i B0 1R eV @I BiRyAeHRe S B Eiratb N
c%%%ﬁat%'%&%@@}%é%hyﬁF@F@}@mygwmeﬂam@ dyesardaminen

as_from about 12 carbon atoms to about 20 carbon atoms. Preferably
Akelze partocarigl. gMosipwiaimhatiegisis! M6t Prargmpiiemetal,

s%'bghé‘%g@% IS ANRULRIRLP RIAR FERMMHIAHE MeshRrefaaliebes
ydrocar |

yl group is
calcium.

The above lubricating oil composition further comprises one or more
iubricatihg oil additives selected from dispersants, anti-oxidants, viscosity
index improvers and carrosion inhibitors. Preferably the above lubricating oil
composition further comprises one or more dispersants. More preferably the
dispersants are ashless dispersants. Most preférabiy the ashless dispersants

are derivatives of succinic anhydride.

A further embodiment of the present invention is a silver surface protection

composition comprising:

a m_ixtdre of (i) a hydrocarbylamine sait of a di-a!kyi di-thiophosphoric acid
and (i) a hydrocarbylamine salt of an'aikyt acid phosphate.

{n the above silver sﬁrface protection composition the ratio of (i) the
hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid to (i) the

hydrocarbylamine salt of the alkyl acid phosphate in the silver protection

43 -
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15

an alkenyl group. The hydrocarbylamine salt of the di-alkyl
di-thiophosphoric acid and the hydrocarbylamine salt of the alkyl acid

phesphaigtRmplayed dnthesibrerearo? mpretestiomedditveut 20:80 mole

composition of the above method are mono- hydrocarbylamine salts,
di-PFeREPBSREIR BaRB BRIFRIF BRoYIARFR DY RIS e AakmRSdhe di-alkyl
therspfobreterRbh: the i aashyiamingisst @Bﬂ?ﬁ@eqi‘ia“@’brab{?/ the ratio of {i)

di-thiophosphoric acid and the hydrocartg amine salt of the alkyl acid

phibsphydeosas o arscat bl tliRgdishiar Msahsidreraishiend stkg!

oraya:eedhs diratd dirippRosiedeiagidds ey seheAlkyl acid,
pho%phaterﬁ/n-butyl, and the hygdrgg)carlbﬁ grOtFJﬂgaon the @tgdro%ﬁ@%ﬁ%%

is BRSAERIDIGFaTH MElSIvEINRAHPROREGIRRITRAES ebMsositaindidhe
mqﬂ%&%gﬁg QL more; @ﬁéeé%ﬁ”é;‘dﬂ %})gmﬁl@/ed in the lubricating oil
composition 15 of the above method may be a mixture of neutral, or low,
medium or high overbased metal detergents, which may or may not be

sulfiii A4 sbIPT e Brat@ R a HaRMEoBraeihBRdreamital iscis
alkalionsiatorpmaliing eadbaneiabiareariesaily hrameeldldsahathod

alkaline earth metal, such as calcium or ma\inesmm.‘ Most preferably the .

alkRlIfe BARHTHBRANE IO\ ARG OFhE Mt ve Jeitenaing i leorhsudifirearbon
furthg GO ISES SR MBS alkbrigaling ohagd @wﬁ&ﬁe&ﬁ%ﬁggfg%%hqﬁc acid

dispersants, anti-oxidants, viscgsity index improvers and corro

inrBRdiRS pliefersisipitesahale NERRARAY Y e HestiohoutBerarbon atoms

 COmpAiRgs NeAFBASHIRRETRRIE MRS BRRTRKARh e 2R I SPRRA NSty i

-are ashless dispersants. Most pr_eferabglﬁl the ashless dispersants are

20

25

30

detaiOs eIt antyjtndik Asithehesabomerpondentieban from
InvERHOn4S arBlyeREHFEcs ASBlRCligRs9mmesiian comprising: :

Preferably the hydrocarbyl group on the hydracarbyiamine‘ employed to make
the hydrocarbylamine salts in the silver syrface protection Compesit-ion of the
) ab'o've method has from about 8 carbon atoms to about 40 carbon atoms.
More preferably the hydrocarbyf group on the hydrocarbyiamine has from
about 12 carbon atoms fo about 20 .‘carbon atoms. Preférab!-y.the ﬁydr(-ac:arbyl[ |
group is an alfiphatic group. More preferably the aliphatic group is an alkyi
group or an alkenyl group. Most preferabiy the hydrocarbyl groub is an |
alkenyl group. ' -

Most preferably the alkyl group on the di-ajkyl di-thiophosphoric acid is n-
hexyl, the alkyl acid phosphate is n-butyl, and the hydrocarbyl group on the
hydrocarbylamine is oleyl employed in the silver surface protection

composition of the above lubricating oil concentrate,

The silver surface protection composition of the present invention may
further comprise an organic solvent. Preferably the organic solvent is

selected from an alkanol, a halogenated hydrocarbon, an ether or a ketone.

- 14 -



a mixture of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
30 and (ii) a hydrocarbylamine salt of an alkyl acid phosphate. In the

In a FOYE alyRiBUHiRcE %ﬁﬁtﬁﬂﬂ(ﬁﬁﬂgﬁﬁt? @Qﬁl{%ﬁﬁ?ﬁé@{%@i? gil_composition

hydrocarbylamine sa di-thiophospl ) _ _
C"mﬁf;'/ﬂF@ca AnfRCE AP YRE SikGNarit Phbiyicating tecaritr dRteetriiver wear
protedt®d eddiffesitiomigoisitibe canyerisfrabaundaize ofal @mmﬁx@ﬂ_gnﬁne salt of
a di-dkp0dnelopissRbRassPIRE ek %C?@FOB%]FB% ggggﬁg lg‘lmﬁ?ve alky! acid
and the alkyl acid phosphate.

ho s%ltgéeo_f the, di- Ik@/l di-thio&ho horic acid and the 0S _
P SIQreé?f r‘aSR/dt atiooPl™ ?r%‘oéa iRE BigPoPYREPESERyHetergents in a
locomothieshesphenaingiorts (iptine tigselcanpytemine salt of the alkyl acid

phosphate is 50:50 mole percent 10 based on the total mole of the

h c i Its_of the dj-alkyl di- thiophosphoric acid and the alkyl
n aaﬁﬁé‘%h%%%{pe?ﬁﬁeg a|Ey.IpgrPc\)’l'f“pf)%%gog]{l e (s)lfalﬁylS ViHiopRB5pRETIES L additive
compaRiiipe SRS DRPEEnchésimdnsinesasbytaraittosatnopositibralkyl di-
thiopmfc&mwaho\@cmahdokiipr@fnyabcb,cm?@ﬁﬁ@ﬂ?:h@g@ﬁg}k%ﬁ}ﬂ&%ﬁmte in a
C 0 referably the.alkyl groups on
cranRE3ES TQHRRAE 44 %péﬁhéﬁ&]i %%%{@%%ﬁéw mﬁ%‘é‘pﬁﬂa?g Rt NVerbased

the di-alkyl di-thiophosphoric aci acid

deteiaBh At antRPRIRINSH!SBBLEIXRRGH &omariRe MBseberainmfor protecting
againsbrwealeliverefethisiivarepddkgtighespmon ihetol atkyhRbaddophesph dsisomative
engiR€igranfidhesalkyl asighehosphate independently have from about 4

carbon atoms to about 10 carbon atoms. 20 Preferably the hydrocarbyl

group on the hydrocarbylamine employed to make the hydrocarbylamine

salts in the silver surface protection composition of the above method has

from about 8 carbon atoms to about 40 carbon atoms. More preferably

the hydrocarbyl group on the hydrocarbylamine has from about 12 carbon

atoms to about 20 carbon atoms. Preferably the hydrocarbyl 25 group is

an aliphatic group. More preferably the aliphatic group is an alkyl group or

an alkenyl group. Most preferably the hydrocarbyl group is an

14a
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a!kepyl group. Most preferably the alkyl group on the di-alkyl
di-thiophosphoric acid is n- hexyl, the alkyl acid phosphate is n-butyl, and
the hydrocarbyl group on the 30 hydrocarbylamine is oleyl employeél in
the silver surface protection composition of the above lubricating oil
concentrate. The silver surface protection composition of the present
invention may {uihercamprspaaaric salvagyEefply the organic
aiatkanof, a hialogenated hydrocarbon, an ether
or a ketone. -14 In a fourth aspect, there is provided use of a crankcase

Iubr@cat!ng o_iI composition c : a major amount of an oil of
lubricating viscosity; (B) a silver wear protection additive composition

As gg?%%wjﬁﬁ%@ﬁ%%{%&%ﬁ%ﬁ%ﬁI?Sw%?l'é & HiRdYInless

_ : amine~salt of an alkyl acid
EX&Q%W%@% e epatasrmore low, medium or high overbased

detergents in a locomotive diesel engine or a marine diesel engine. In a

fifth aspect, ther iP rowde%"h‘é? af asive ' iti i
’ ) e LWSRLPrPHRelaR afdidveeriod
Th%é%&sﬂ%ﬂ'@% rls%?guasl m‘lxturgel%{ (I ;ghydrocar ﬁgﬁmi?eg salt Ob%aeno ;
Tag;e.qlgybdlamgnmmsprmﬁammmlauwrocarbylamine salt of an alkyl
audphosphgte in a crankcase lubricant oil composition comprising a low
medium or high overbased detergent for a Ioc?mo?v ’

Temsme tkstine R DB SSTA TR IO b L ey e

_ _ : ver and silver plated

pIeAINgS e crrakcaasiehsait pesgnesieengine or said marine
engine. 14a 5 DETAILED DISCRIPTION OF THE INVENTION
DEFINITIONS As used herein, the following terms have the following

THRGAHNGSBIgestsxpsassid bateih tefhes donetdijives designed to disperse

acid-neutralizing compounds in solution in the oil. They are usually alkaline
and react with the acids which form during the combustion of the fuel and
which would otherwise cause corrosion to the engine parts if left unchecked.
Suitable detergents for use in the present invention are, for example, alkali
metal or alkaline earth metal salts of alky! sufonates, alkyl phenates and
Mannich base condensation products. These detergents may be sulfurized

and/of carbonatéd. Numerous detergents are commercially readily available.

The term “dispersants” as used herein refers o additives that keep soot and
combustion products in suspension in the body of the oil charge and therefore
prevent deposition. as sludge or lacquer. Examples of ashiess dispersants are
succinimides and succinate esters. Alarge number of dispersants are

commercially available.

The term “hydrocarbylamine” as used herein refers to a primary

hydrocarbylamine, secondary hydrocarbylamine or tertiary hydrocarbylamine.

Hydrocarbyl refers to an organic radical composed of carbon and hydrogen

which may be aliphatic, alicyclic, aromatic, or mixtures thereof. Preferably the

hydrocarbyl group is an aliphatic group. More preferably the aliphatic group is
- 15 -
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10 The term "alkali metal" as used herein refers to Group | metals of the
Periodic Table, such as sodium, potassium and lithium. The term
"alkaline earth metal" as used herein refers to Group Il metals of the

Periodic Table, such as calcium and magnesium. t ’ I "
e e, TSI LB G s
an %;ﬂé%l'rﬂ@‘é}fé‘%éingt @@mﬁ@@n@a El:j@toﬁlbﬁdwﬁmherbﬂclamﬁyear@!ﬁgim%,drualky!

alkaline "and react with the acjds which,for i nbLst] the
- RHOPARSPARIER 6L R BERAISE| AU R T e LT e o

wheRshestediphutiatiikdejeogertia édrarseniboibhrasent iatnEdh aRo btV
cofonbie nd b B A AT b tspialy

ensation products. These detergents
aliphabaRylfrradsandiode priad ey Nuimer ogtaderyigancaeetylamine,
commerclzzhl% readlfl% available, -Iigrentr%m "dispersants” as used herein
anfibas e BSER S IG ng@f and combustion products in suspension
in the body of the oil charge and therefore prevent deposition as sludge
or lac

1 Jacquer. Examples of ashigsscdizpersapiscare 2insuseivitidesaangine ol

succinate esters. A large number of dispersants arée commer. iaII%
usexbifableditin speaditarstanginesae BRG0P hrimary

Eo% d i?t?@égﬁg%}#ﬁ% ﬁ&%bqé‘,r\é Ry dresarwamineepaisstiaaions.

rocar mine. Hydrocarbyl refers to an organic radical composed of
carbon and hydrogen 30 which may be aliphatjc, alicyclic, aromatic, ar
Thﬂiiﬁﬁ?@§QH@_fé6f5.qﬂre@ér%ﬁﬂthgfel”i&fl’ggﬁ‘ 8&%%? ?sefnﬁgméﬁct%ﬁg]up.
pﬁgﬂagﬁ&@p&éﬁa@g{@]%ﬁ %[WrslgfoﬂzétéﬁmMt?k%waﬂtaﬁfdlk@nyl
group. Most preferably the rocar rou a d
e ROE AN ST SV 1 Shg I hoSaner®
ofid BRshine AlkikEals peespheiensia nnowieseditefeneteinliine earth

Y S BT LA B Sl SO sed A el
Base Number (TBN) greater than 1 and less than 20, medium overbased
refers to alkaline earth metal alkyl phenates, alky! salicylates and alkyl
sulfonates having a TBN greater than 20 and less than 200. High overbased
refers to alkaline earth metal alkyl phenates, alkyl salicylates and alkyl!

sulfonates having a TBN greater than 200.

The term “mono—thiophosphates" as used herein refers to compounds having

the formula below:

RO\P{;,S
SN
o OR

R

<

wherein R, R” and R” are independently hydrogen, or alkyl having

from about 3 carbon atoms to about 40 carbon atoms.

The term “silver protection” as used herein refers 1o the ability of the

fubricating oil composition of the present invention to protect silver and silver-
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10 aliph_atic alkyl amines include pentad ecylamine, octadecylamine,

cetylamlne, and the like. Most preferred is oleylamine. The term

"locomotive diesel engine oil" as used herein refers to an engine oil used

in medium speed diesel engines as commonly found in railrgad
platasbhsiess e RoRIBUHR ISR AR P A B o5 the
efﬁéﬁ?ﬂg?%@%%%@ﬁ?%?@?@ﬁ@f%}eﬁfﬁr@@w&t&&ﬁ@@tﬁ@ﬂjﬂrﬂﬁt&bﬂmbncy

es, alkyl salicylates and alkyl sulfonates in which, the ratio of,the

andmamqoauéﬁéwwmam%a@( R ividrgpT that the

a‘%‘ﬁ@fﬁﬁ r’%@@@ﬁﬂl’kﬁ élfé@h %‘B’ttigﬁe@ﬁeaiﬂejﬂ tdmfiﬁidlp.rhmpbuéobasielolamfém
etal a enates, i L
sl eon Al TETISBR G Db LR BTl Wbriceting

and leéss
oif BBMBBs MRy praasadinaiatbinakiineeartratetaoaliyl theesibes,

alkyl salicylates and alky] sulfonates having g TBN greater. than 2 d
e W PGB BB PRI b AT e L T e
prebgnatess aleitsnlisylatrergedialkyl sulfonates having a TBN greater than

200. 25 The term "mono-thiophosphates" as used herein refers to

compounds having the formula below: RO S P R"O OR wherein R, R" -

ThaddRmare dtaldPase dliiybgdroysTBYT akysesirjeiroratapoti Seapriint

B R

: _ : ) composition of the present
TiMentiobésspreiiect silves alidliiegrodiect pRISdEEIIGAIERIES motive

-a@ig lse{ engine crankcase from the harmful effects of overbased detergents

ity e )
4" such lubricating oil for detergency and deposit control. Without

being bound by any theory, it is believed that the .
Unless otherwise specified, all percentages are in weight percent.

LUBRICATING OIL COMPOSITION

It has been discovered that'silver and silver plated bearings in crankcases of

locomative dissel engines can be protected against wear caused by the

overbased detergents used in conventional diesel jubricating oils by the

Addition of a'mixture of (i) a hydrocarbylamine salt of a di-alkyl di-
thiophosphoric acid and (if) a hydrocarbylamine salt of an alkyl acid
phosphate.

The lubricating oil composition of the p.resent invention comprises (A) a major
amount of an oil of lubricating viscosity, (B) a silver wear protection additive
composition comprising a mixture of (i) a hydrocarbylamine salt of a di-alkyl
di-thiophosphoric acid and (i) a hydrocarbylamine salt of an alkyl acid |
phosphate and (C) one or more detergents. Optionally the silver wear
protection additive composition may contain one or more dispersants. The
lubricating oil compasition of the present invention may be prepared by simple
blending or mixing of the compounds described in more detail below. These

compounds may also be preblended as a concentrate or package with various
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alkyl amine or alkenyl amine salt of the di-alkyl dithiophosphoric acid and
the alkyl amine or alkenyl amine salt of the alkyl acid phosphate in the
lubricating 10 oil composition of the present invention confer wear
ratection of t ilver. S| | ' i i i ;
e R T i
ctfotal Base ddotabErocheTeneired gesaentrtianetbasititrRSamount of
base equivalent to milligrams of KOH in one gram of sample. Thus, higher

- dpFBNHERbess seliseiinore alkaline products, and therefore a greater

alkalinity. Unless otherwise specified, all percentages are in weight

e G 3 g L B e

RIBIesSethaipEE aiid aosynshateroitnobbliydting wwscbaitedind
detergents used in conventional diesel lubricating oils by the addition of a
R Y LR BTG o of e G BIOHSUEN & oo acid
erthibz dydsacatiyjatinerdaihrfydmaty visidogihoephbteut263The

R T T

. peldisNecgdroposijisthatmprisidg al suxess of ()reigidibfar ngaminthedase

f a dj-alkyl  di-thiophosphoric acid and (i) a hyd bylami

A bR ratr e Ert e e AR RS e,

%Y@ﬁfa?@yﬂi@@?ﬁ]ﬁomlihd@ir_@ anhln:puwmltmw ﬁmheﬁn@@mte_ie
Ispersants. e, lupricgtin 11 CO ITIoN 0

BTRREHAEt By NG O TR e o e Lo i cHEE 1 bon

oleradetid gl diiesasaimpiundefitehesng éhe ghtgretedsaosity.

S L e e & et

INg’o rica _
olefins such as 1-decene trimer. Similarly, alkyl benzenes of proper viscosity,

such as didodecy! benzene, may be used. Useful synthetic esters include the
estefs of both mono-carboxylic acids and polycarboxylic acids as well as
mono-hydroxy alkanols and polyols. Typical examples are didodecyl adipate,
pentaerthritol tetracapoate, di-2-ethylhexyl adipate, di-laurylsebacate and the

tike. Complex esters prepared from mixtures of mono- and di-carboxylic acid

~and mono- and di-hydroxy alkanols can also be used. Blends of hydrocarbon

oils and synthétic oils may also be used. For example, blends of 10 weight
percent to 25 weight percent hydrogen_ated 1-decene trimer with 75 weight
percent to 90 weight percent 683 centistokes at 37.8°C mineral oil gives an

excellent oil base. Fischer-Tropsch derived base oils may also be employed

in the lubricating oil composition of thé present invention.

The Hydrocarbyl Amine Salt of Di-alkvl di-thiophosphoric Acid and
The Hydrocarbyi Amine Salt of Alkyl Acid Phosphate

Typically the desired concentration of the hydrocarbylamine salt of the di-alkyl

di-thiophosphoric acid and the hydrocarbylamine salt of the alkyl acid
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composition containing the desired concentration of additives. Oil of
Lubricating Viscosity Oil of lubricating viscosity, or base oil as used herein
refers to lubricating oils which may be mineral oils or synthetic oils of

PRI SO CPREALE AL DITALI TA 2 e

rafigeasitrthalsuiit 800 weniistpkescat 13 ABEUIRR Weightigiekesmabased on

98.9C. The lubricating oils It derived f theti tural
Bl RRLAAIDS 1P ISE DAL EA B AL PR AtsAH oo

Pra@tislicimaphthesirienidaier eds tiahardi bkgtdindribphsegdhoric acid
lubricating oil compositions. Synthetic oils include hydrocarbon synthetic
B PR RIS SALAT Sy A ErBR S AL e e ©f
fr@ﬁimh hﬁ ?jtfalpb@mgffméaa\ﬁm@mmdbwe@um;c' : efsbmlﬁ Iwi;leﬁr:ﬂotal
are.the rogenated liquid oligomers of C6 to C12 a- olefins such as
wpigaE e G P el R LS Bres VR Ao s
petifiacietytbenzenecanay benirsedali séfilesytintikticdidtéopimmdpterihecid and
esters of bgth mono-carpoxylic acids an lycarboxylic acids as well '
RO SR L T S SR e 4 (M tage o from
abdiate! eigtagsthital tetrabapodte, westipdhmont baseaten the total -
di-laurylsebacate and the like. Complex esters prepared from mixtures of
“ﬁ@i‘%gﬁﬁ?}@g%ﬂ'ﬁg LR IROSA rr‘n{l)(fn ﬁa%lé)sd’?-ﬁ%}v&@gg kanols can

also be used. Blends of hydrocarbon oils and synthetic oils may also be

Tlr@a ¢ *c’fr%ﬁ@%‘?lﬁn@'@&ﬁé&ﬁ%% WEIGRY REfFRIB B IMIEIiaelsE the salt

rogenated 1 -decene trimer with 75'weight percent to 90 weight

obdhecaikpomcisk phopmeatafaruse inike silvp pweararotsetine masiitysse.
CE'&% REDIP RSP KIS HYSsHPag B 9ile NHRY HRARR SPGB of the di-

bricating oil composition of the present invention. The Hydrocarbyl _
altsylioé-1Bisipbe sRhoKG aEithihdp e ATR BResaNEH NG e PERFET

tﬁélﬁ%ﬂéﬁ%egﬁqR@%Peﬁﬁam@ﬁ%ﬁsﬁ@ﬁifﬁﬂrﬁgm@mﬁ@tion of the

hydrocarbylamine salt of the di-alk

I
“hydrocarbylamine salt separately oty each of the di-alkyl di-thiophosphoric acid

and of the alkyl acid phosphate and then mixing the two salts to obtain the

desired ratios of each.

The Hydrocarbyl Amine Salt of Di~a¥kvl di-thiophosphoric Acid

The hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid is the alkyl

amine or alkenyl amine salt of a compound having the formula:

Ro\'P//s
O\

RO

SH

wherein R and R; are independently linear chain or branched chain
alkyl groups having from about 3 carbon atoms to about 40 carbon

atoms. Preferably R and. Ry are linear chain alkyl groups.
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di-thiophosphoric acid and the hydrocarbylamine salt of the alkyl acid -18

5 phosphate in the lubricating oil composition of the present invention are

in the range of from about 0.01 weight percent to about 5.0 weight

percent based on the total weight of the lubricating oil composition of the
raseheinvbatiatcy| Ricidnipshb e rsddibseeanansiingriite di-alky!
rJiaRiophaRharic agldnendiths; BydincriMaming aalhah teralkyhasithoric

hosphate are in the range of 10 from about 0.5 weight percent to about

agid wikihax pdirdrmans gt biporRBPieeigt ofitroam pefn di-
tﬁ%ﬂSéHmﬂieféEﬁ,F{Eﬁ%?dg!;%‘ﬁ%@@@eﬁ"@ﬁhR{ﬁﬁ%@&%ﬁ&%@@f@%@ﬂ

amine salt of the di-alkyl di-thiophosphoric acid and the hydrocarbyl

hyisireenridhinehorphasia aResriBeihyirt et gy digesh dbout 0.1
B QsreRRtIe AL YEA fuveighhRATS S ResE h aBsha dah bV aighioRfen

the lubricating oil composition of the present invention. The o
diyhieehasphatinasissobid Mvanagen tidpebosehe deiacith@askdighexyl
IR alkdiAsidasmime fefdisaud shereiuereyenrantptestinm prEkoric
composition may be prepared by (1) first making the desired mixture of
3Rl &s%ﬁmmn@)fw& RYHECSEP RTINS SRy ERP pHESERAIBYGRHARER di-
RIRRANING FO4ae tydressibylsmaiRe saH of the mixture, or (2) by making

the hydrocarbylamine salt separately of each of the di-alkyl ‘
di-thiophosphoric acid and of the alkyl acid phosphate and then mixing
The: tyelssits ihglabima Hadtsdedinediisdiegl of ¢aciphbise kyrdracaasydemine

Salt of Di-alkyl di-thiophosphoric, Agid 25 The h carbylamin I the
TR PR A T St s aa s
t@mﬁwpwmmwm{tlamfuqnumm ﬁla@lef. R efehabiyritive dydiRtaatey!
g';rr]gs 58 %%%'IY;)?\%%@Q%%@. %%Q%ngpe?grggﬁ}%e aliphatic group is an alkyl

- group or an alkenyl group. Most preferably the hydrocarbyl group is an

alkenyl group. It is preferred that the hydrocarbylamine salt of the di-alkyl di-
thiophosphoric acid and the alkyl acid phosphate is a mono-amine salt
wherein the aliphatic alkyl group has from about 8 carbon atoms to about 40
carbon atoms. The hydrocarbylamine can be a mixture of amines. Typical
aliphatic alkyl amines include pentadecylamine, octadecylamine, cetylamine,

and the like. Most preferred is oleyl amine.

The procedure for making the di-atkyl di~thiophdsphoric acids and their alkyl

amine or alkenyl amine salfs is well known in the art.

The di-alkyl dithiophosphoric acid used to make the alkyl amine or alkenyl
amine salt for use in the lubricating oil composition of the present invention is

sssentially fres of mono-thiophosphate.
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alkyl groups having from about 3 carbon atoms to about 40 carbon 30
atoms. Preferably R and. R1 are linear chain alkyl groups. -19 5 Examples
of di-alkyl di-thiophosphoric acid used for making the hydrocarbylamine
salt incl -thiophosphoric acid, di-hexyl
IeriEAGEIINopABBENhaE Ao diASaBCtyl Psiiagen di- thiophosphoric
acid, di-propyl hydrogen di-thiophosphoric acid, di-butyl hydrogen

B e e oo 0 PSSR o
ddlistRigphorpHoyiragith phospyldtedindeanahidhidipfatiphatiogeidrammphates.

I-n-hexyl hydrogen di-thiophospharic acid, Most preferred di-alkyl
TR DO BT BECG ARG F1€ hycrocarbylamine sal in the

present invention is di- n-hexyl-hydrogen di-thiophosphoric acid. 15 The
hydrocarbylamine salts of the diadky! di-thiophosphoric acids are
prepared using primary hydrocaWecondary hydrocarbylamine
or tertiary hydrocarbyl amine, or m'ptfurﬁs thereof. Preferably the
hydrocarbyl group is an aliphatisgroup. moké preferably the aliphatic
group is an alkyl group or an alkenyl group. Most preferably the
hydrocarbyl group is an 20 alkenyl group. It is preferred that the
dntirocarbylamine salt of the di-alkyl di- thiophosphoric acid and the alkyl
acid phosphate is a mono-amine salt wherein the aliphatic alkyl group
has from about 8 carbon atoms to about 48 carbon atoms. The
hydrocarbylamine can be a mixfﬁ?e\ei agAines. Typical aliphatic alkyl
amines include pentadecylamine, octadecylamine, cetylamine, 25 and the
like. Most preferred is oleyl amirlu_,g%l he procetiure for making the di-alkyl
di-thiophosphoric acids and their alkyl amine or alkenyl amine salts is well
known in the art. The di-alkyl dithiophosphoric acid used to make the alkyl

amine Or, a1k K, aMing 2l forsRIEpIIRIBINcAHBE UheaMBpositeR Rdd
the present invention is
chain alkyl having from about 3 carbon atoms to about 40 carbon

atoms. Preferably Rz, Rs and Ry are linear chain aikyl groups.

Examples of alkyl acid phosphates that may be employed to make thé
hydrocarbyi amine salt of the present invention are propyl di-hydrogen
phosphates, di-propyl hydrogen phosphates, buty! di-hydrogen phosphates,
di-butyl hydrogen phosphates, pentyl di-hydrogen phosphates, di-pentyl
hydrogen phosphates hexyl di-hydrogen phosphates, di-hexyl hydrogen
phosphates, heptyl di-hydrogen phosphates, di-heptyl hydrogen phosphates,
octyl di-hydrogen phosphates, di-octyl hydrogen phosphates, decy! di-
hydrogen phosphate, di-decyl hydrogen phosphate and the iike. Preferred is
a mixture of di-butyl hydrogen phosphate and butyf di-hydrogen phosphate.
More preferred is butyl di-hydrogen phosphate. '

The hydrocarbylamine salts of the alkyl acid phosphates are prepared using
primary hydrocarbylamine, secondary hydrocarbylamine or tertiary

hydrocarbyl amine, or mixtures thereof. Preferably the hydrocarbyl group is

S99 -
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30 essentially free of mono-thiophosphate. -20 5 The Hydrocarbyl Amine
Salt of Alkyl Acid Phosphate Hydrocarbyl amine salt of acid phosphate as
used herein refers to mixtures of di-alkyl mono-hydrogen phosphate and
mono-alkyl di-hydrogen phosphates. These compounds have the
afﬁo@ma@%arawwg@f%%&f@% V@ﬁﬂ' %%%@#S@’h%%vr gup oran

aiwlﬁ h@}&%.fﬂ@@i%bmg Wéde@mdmﬂmme@rcﬂhaie anbiianelyedroainit
_alkyl having from about 3 carbon atoms to about 40 carbon .at : .
SRS 13 8 SN B ARl PAROH GHaURe TR haRaase
a@iﬂf}émw}@@prw@sm@sm@ydoe enptoyed tairmalet tvbchyidr ttarddjphatic

amine salt of the present invention are propyl di-hydrogen phosphate
R e R R A e
hpﬁ%@%mmﬂﬁﬁwl@éﬂ%d n %Wﬁmﬁaj .h dfegainphospimtes atiphetityarhirdrsgen
. phosphates hexy| di-hydroge sphates, di-hexyl hydragen
B e C S o iy BB BRI e e FYGge e Most
pRbfesaihie 2yt iyiriidydrogen phosphates, di-octyl hydrogen

phosphates, decyl di- hydrogen phosphate, di-decyl hydrogen phosphate
and the like. Preferred is a mixture of di-butyl hydrogen phosphate and
Tinetyircicasioregen pakisphthe. dividtesittaipad espogjicnRpageriheir alkyl
SRR R T REaRRTINAMIRG Safts P tilae,Aky! acid phosphate

are prepared using primary hydrocarbylamine, secondary '
hydrocarbylamine or tertiary hydrocarbyl amine, or mixtures thereof.

‘Preferably the hydrocarbyl groupfiekgents

"3-‘3@'799;@’55_-1?:’7?‘3 used:in lubricating oil to nieutralize acid oxidation products,

suchas sulfuric acid in the case of diesel fuel and to control deposits.:,

‘Detergeénts useful in the silver wear protection additive c‘o_mposiﬁon of the .

present invention: may be neutral, or i'ov\z, medium or high overbased
detergents, or a mixture thereof.” The detergents may be sulfurized and/or
carbonated. Typically, the ratio bf the low and medium overbased detergents
to the high overbased detergents is in the range of about 70:30-we‘ight'
percent to about 30:70 weight percent based on the total weight of the
detergents in the silver wear protection additive composition of the present
invention. Preferably the ratio of the low and medium overbased detergents
to the high overbased detergents is in the range of about 60:40 weight
percent to about 40:60 weight percent based on the total weight of the
detergents in the silver wear protection additive composition. More preferably
the ratio of the low and medium overbased detergents to the high overbased
detergents is about 50:50 weight percent based on the total weight of the

detergents in the silver wear protection additive composition.

The ratio of the silver wear protection additive composition to the detergen{s

employed in the lubricating oil composition of the present invention are

-9
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5 an aliphatic group. More preferably the aliphatic group is an alkyl group
or an alkenyl group. Most preferably the hydrocarbyl group is an alkenyl
group. It is preferred that the hydrocarbylamine salt of the di-alkyl
di-thiophosphoric acid and the alkyl acid phosphate is a mono-amine salt
pierertintecdanasior AR grasy AL iidhvaliaink Breaphbioaabrist e ABout
wASFRTboR &t dhe 4 hrveracrbyrning canhe-atMEBIR SLATINR: of

Typical aliphatic amines include pentadecylamine, octadecylamine,
thaglaranbinventies ik altsabiy ibr Fritpisidlag sivimaveid priR@ifite for
aAaking dbm pisiyhdithiennasphenic acigmandibeiingoll RIMPestion of the -

alkenyl amine salts is well known in the art. 15 Detergents Detergents are

PIRERITHNYSHERE BIPIS $RAAIIRE SRneeaEHRm phodt AOos R vgight

petibrcB g therarighdissrldiebanddoaanBEabEaRASRHt Bratesgents

useful in the silver wear protection additive composition of the present
lyhisation Ribgasartsitien, SrimvPiRssitin R HigR o désrassgfotrbly the ratio
AetRrgpnts s ApretEehe rrelitlBegaipeanivn math Beistbiaerrs ianeor

carbonated. Typically, the ratio of the low and medium overbased .
lefriAf Ot SRS BF S S SRABHIRYRETO haFR REFRRIbI it fange of
fefi3apmeiont RererRIbE phRIENG5AvNaioht pefrsahbasREANEASI®WSh the

weight of the deterge_nts_in the silver wear protection additive composition
tefahssiabe&iibs IHOERABRO ikrorapRsiHan aldhs et MPilum

overbased detergents to the high overbased detergents is in the range of
GAONHOR, Bereent 9 §Q-piciaht percent based on the

ot tre ge wear protection additive

composition. More preferably the ratio of the low and medium overbased

deisramaisdoHeiNe By ereanad e AsisEachists aBriyeRirGveehior

percent based on the total welight of the detergents in thé silver wear
pestiben sty achaaed sulfpusiaskisTRaliexis aoiRe <REradis rifscsiRhenols
AENEiICRERSHIIR INSr88iRI I Bhenols, aldehydes and amines. These

detergents may or may not be sulfurized. These detergents may be alkali

 metal detergentsor’ :iE:iiéi'fiﬁhzéfeajr_:’;h_:.;m:ete_l'jdete:ljg_e_n;ts. Preferably they are

25

30

alkaline earth metal detergents and more preferably they are caicium
detergents. The TBN of these detergents is greater than 1 and less that 200.
More preferably the detergents are medium overbased sulfurized aikyl
phenates, wherein the metal is an alkaline earth metal and the alkyl group has
from about 8 carbon atoms to about 30 carbon atoms. These detergents are

well known in the art and are commercially avaitable.

Hiqh Qverbased Detergents

Various types of overbased materials may be used, such as sulfurized andfor

carbonated phenates, salicylates and suifonates, which are readéiy available.

The high overbased detergents are salts of alkaliné éarth metals, preferably
calcium. The TBN of these detergents is greater than 200. More preferably

the high overbased detergent is an overbased sulfurized, carbonated alkyl

S23 .
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employed in the lubricating oil composition of the present invention are
-22 5 present in the range of from about 0.01:10 weight percent to about
5:10 weight percent based on the total weight of the lubricating oil
composition of the present invention. Preferably the ratio of the silver

nhearfordisitin daaithelddmpatsiine errifeBeirlaeshitrealintisssng has

fRihsUmBeesienBbhatrRsenkVENDR A Prassintin the sangaatlam are
about 0.05:10 weight 10 percent to about 3:10 weight percent based on

rerdibtavRERe SOIMEIBAEKEng oil composition of the present invention.
More preferably the ratio of the silver wear protection additive
composition to the detergents ip the icating oil composition of the
present invention are present iB & J&J{Pé'ﬁe rom about 0.1:10 weight
percent to about 1:10 weight percent based on the 15 total weight of the

WWH&&#@W@&%BBMM msssaLEveRtientd P mapdiMedismBally

Overbased Metal Detergents Examples of the low and medium overbased

castaindioagaitonte b alkvhaming ovalmrdpainssaicridheicalies! di-
A SR AP idsd P BARP S dianaicB-seRteRsatian radisiRhacid

phenols, aldehydes and amines. These 20 detergents may or may not be
posaphate ohkserisrageinentigNpetirRdriBvasdsd inidprbikam@ble
R melaleisiosrisaRisrabinertisreoptkliprgartimetion. Thus,

detergents and more preferably they are calcium detergents. The TBN of
e dahvisriigernl BYrsaripingaNe ahiresahatdiiyemsrehtefiBRpiAaNLS.
getesgsntmaisERIER VeI AT e di sdodiRbimien aifsovbe ain

the metal is an alkaline earth metal and the alkyl group has from about 6
iR YE RSt GBI BIRSTaHE e detergents are well

known in the art and are commercially available. High Overbased
DA R R G A BB B e et
wineke mtierebldibriastiigldé . composition for a locomotive diesel engine
crankcase lubricating oil, the lubricating oit contains a compatible combination
of additives of each of the above classes of additives in effective amounts as
well as the alkyl amine or alkenyl amine salt of the di-alky! di-thiophosphoric

acid and the alkyl amine or alkenyl amine salt of the alky! acid phosphate of

- the present invention and a sufficient amount of detergents to provide the

~ desired neutralization capacity.

Disg_ersants‘

The lubricating oil composition of the present invention optionally contains
ashless dispersants. Typically, the ashless dispersants are nitrogen-
containing dispersants formed by reacting alkenyl succinic anhydride with an
amine. Examples of such dispersants are alkenyl succinimides and
succinamides. These dispersants can be further modified by reaction with, for
example, boron or ethylene carbonate. Ester-based ashless dispersants
derived from long chain hydrocarbon-substituted carboxylic acids and hydroxy

compounds may also be employed. Preferred ashless dispersants are those
' - 24 -
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The high overbased detergents are salts of alkaline earth metals,
preferably calcium. The TBN of these detergents is greater than 200.
More preferably the high overbased detergent is an overbased sulfurized,
carbonated alkyl -23 5 phenate, wherein the metal is an alkaline earth
datited A kARSI HUCGHIM BB 6 BarbBRSASHIP FESBBH 10
SRR Atasy Jihase detergents are readily available commercially.
Other Additives The lubricating oil composition of the present invention
may also typically 10 contain, in addition to the alkyl amine or alkenyl
Catiningosalhioibinasli-alkyl di- thiophosphoric acid and the alkyl amine or
alkenyl amine salt of the alkyl acid phosphate of the present invention,
other additives used to impart desirable properties to the lubricating oil
Asinipdtanin aranspidsdHbiraling /lls frisinhikition REAREMPRAEBNtain
PBEQ6 R PhRLdH VSR S raBpHSREgaRIS dStRXiFatR NI in the

corrosion inhibitors and viscosity index improvers to regulate viscosity
nenapiRes ofirito TawpR ARG PIRAASSAS MFLSAS IR BN A SHIG:
ARG RRPSHiES ssH e8dmEng In ventieRshibricatingpihrarpResiEa) for a

locomotive diesel engine crankcase lubricating oil, the lubricating oil

Feerrnles ot opsfatipriaridantitisre Junsiesadiphedolse adviaterk aiboen-

&i@%ﬁ%éﬁ%&%ﬁﬁmﬁsﬁt&g MeYNiRasphaibasdbr allof el Mboxylic
alkenyl amine salt of the di-alkyl di-thiophosphoric acid and the alkyl
aidimesaltaneshamicdi-thigrhamshadiodstéiphate of the present
invention and a sufficient amount of detergents to provide the desired
neutralization capacity. 25 Dispersants The lubricating oil composition of
IS L RERARRERTSE ionally contains ashless dispersants. Typically,
the ashless dispersants are nitrogen- containing dispersants formed by

\?ﬁ%‘f}&?@r HeeWhsHer/Ble arbwuiie wiuBRcating oil to regulate viscosity

changes due to the change in temperature. Some commercially available

examples of viscosity index improvers are olefin copolymers, polybutene,

polymethacrylates, vinylpyrrolidone and methacrylate copolymers.

Corrosion inhibitors

Corrosion inhibitors are included in [ubricating'oiis to protect vuinerable metal
surfaces. Such corrosion inhibitors are generally used in very small amounts
in the range of from about 0.02 weight percent .to about 1.0 weight percent.
The corrosion inhibitor should not be one that is itself corrosive to silver and
silver-plated bearings, such as, metal di-thiophosphates. Examples of
corrosion inhibitors that may be used are derivatives of 2,5-dimercapto-1,3,5-
thiadiazole, including 2,5-di-t-nonyldithio-1,3,5-thiadiazole.

In addition to the materials already described, lubricating oil composition of

the present invention ‘may also include other additives, such as pour point

depressahts and anti-foaming agents. The various additive materials or

classes of matetials herein described are well known materials and‘ can be
-25.
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amine. Examples of such dispersants are alkenyl succinimides and 30
succinamides. These dispersants can be further modified by reaction with,
for example, boron or ethylene carbonate. Ester-based ashless

dispersants derived from long chain hydrocarbon-substituted carboxylic
ragidily anudiverescaompotiatiy enayenesssehiipoyed PRae ks aieyious
ﬂ@@ﬁgﬁﬁg@ re.these 24 5 derived from polyisobutenyl succinic

anhydride. These dispersants are commercially available. Oxidation
Inhibitors Anti-oxidants are used in lubricating oils for inhibition of

TesOMAQRLioN PrRoesses ahpecubhataaly i ubiicalbihoipasribeyid and

RIBHRIRSTeS he RAu S U Boo PR Sl o

poditiendyisaosity. thsampesuhveatidmniagatentscaie dindensdtection of

phenaols, alkylated and non- alkylated aromatic amines, vl or aryl

S EE B B SRR Yoy e e CaHET T b ent
ifirErophosphsin@ Asitgadd piskasin odmpbsitiovexsnvisizhsgy index
improvers are added to lubricating oil to regulate viscosity changes due to

the CQ%W&ﬁéi@;%gg%f%g&?oc%mgammggé&is%aaé gl%ﬁﬁ%}%ﬂ'&ép%ric'

viscosity In rovers are oléfin copolymers, pc?é/% tene,
polyracithacy4ies, idwmarojidonieasa hidthaciigtecishpherphateo

Corrosion inhibitors Corrosion inhibitors are included in lubricating oils to

Wﬂﬁ%?éi%P@[ﬁ%@é%b%f?ﬁ%&p%éﬂ%ﬁ%@%ﬂdQ;l?ihgt%% are generally

used in very small amounts in the range of from about 0.02 weight
pdeesnieviapine gihefdhesérati, o %R%Bﬁfiﬁrﬁﬁifbf%ﬂﬁdf&enot be
Rpg- Ry isRihearshrare sivarand gRosihreieirteddeRinn sHes as,
metal di-thiophosphates. Examples of corrosion inhibitors that may be

pEdgdieneR RS 3 i dhadangR@abaut 80:20 mole percent'to about

20:80 mole percent based on the total moles of the hydrocarbylamine salts of
the di-atky! di-thiophosphoric acid and the alky! acid phosphate. More
preferably the ratio of (i) to (i) is 50:50 mole percent based on the fotal moles
of (i) and (ii).

The silver surface protection composition of the present invention may further
comprise an organic solvent. ' When employed, preferably the organic solvent

is selected from an alkanol, g halogenated hydrocarbon, an alkyl ether or an

alkyl ketone. The alkanof may be a mono-atkanof or a di-aikanol.” The alkyl

ether may be a mono-alkyl ether or a di-alky! ether. Examples of suitable
organic solvents are ethanol, dioxane, 1,1,1-trichloroethane and carbon

tetrachloride.

Also contemplated is replacing the organic solvent in the above embodiment

with a hydrocarbon, such as petroleum jelly or paraffin oil.
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thiadiazole, including 2,5-di-t-nonyldithio-1,3,5-thiadiazole. In addition to
the-materials already described, lubricating oil composition of the present
invention may also include other additives, such as pour point 30
depressants and anti-foaming agents. The various additive materials or
classes of materials herein described are well known materials and can be
-25 5 readily purchased commercially or prepared by known procedures
or obvious modification thereof. m e of a hydrocarbylamine salt of
-a di-alky! di-thiophosphoric acid agﬁﬁ%mcarbylamine salt of an alkyl
acid phosphate employed as a silver wear protection additive in the
present invention may also be usgqgg{‘ﬂérotection of 10 silver surfaces.
More specifically a further embodiment of the present invention is a silver
surface protection composition comprising; ;a mix of (i L '
Siver Weaas BEvaluationaisina a Modiied wilves sk Wear ang:kriction Test
hydrocarbylamine salt of an alkyl acid phosphate. In the silver surface

ot . ; . o :
T S e B R L TR B 85608
chtiemies phatenii-theasibied fictares! piucatitstistospasitierublicatiogarige

f about.80:20 mole. . .20
oD G S o R AR S E R OB e
imcizhtiod. tfihalkgtridgitios phatenadiieatioprefiénaifatee 4abialbmgoiat)
B8R ande pereentbased o %t%?tﬁ'r\f%‘?'%ﬁq%(n%%% QQ?eTl fiM&ked in
surtace pro eC’t_IOFI Composmon of the present iInvention may urther
thenapssenbly avgariveelOcdit. swhémetepityawtprdigralfly milisagiere thick

lvent_is. sel ] _
SN SR ha basya ARG Shetl
id-sark:marérr@@@t@road\éieﬁaymmmmfaytmmr%l@ﬂmbéwer.
%W?%Mﬁ}’gﬁggnera! Motors, Inc: These disks are in a fixed triangular

position in a reservoir containing the oil sample to be tested for its silver anti-

wear and frictional properties. The stee! ball is positioned above and in
contact with the three silver disks. [n carrying out the tests, the ball is rotated
while it is pressed against the three disks at the pressure specified and by
means of a suitable weight appiied to a lever.arm. The rofation of the steel
ball on the silver disks proceeds for a period of 30 minutes at 300 revo!utiqns

per minute under 23 kilogram running load at 260°C.

The test results are determined by using a fow power microscope to examine
and measure the scars on the disks, and-a strain gauge measures the
coefficient of friction. A wear scar diameter of 2.2 millimeters or less usually
indicates adequate silver wear protection. A low coefficient of friction is also

required.

Lubricating oil Composition formulations were prepared as described in Table |
below for evaluating the silver wear protection additive composition of the

present invention using the Modified Silver Wear and Friction Test.
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organic solvents are ethanol, dioxane, 1,1,1 -trichloroethane and carbon

tetrachloride. Also contemplated is replacing the organic solvent in the

above embodiment 30 with a hydrocarbon, such as petroleum jelly or

paraffin oil. -26 5 EXAMPLES Example 1 Silver Wear Evaluation siqui’;l
F ORI BAVSTELRSR WBSA A AT A RUaTRRR Y VEZBAER!

piieanand firgtiondRstr ahaesiiestiyvasaiserdria drietermigaihe
anti-wear and frictional characteristics of the lubricating qil Cﬁm‘fosmon
¥ ﬁ@gntion.
canpiertmagiinsris mmadilinaiienaithef bpprodiBalenazhinevicorsprisieg
a 1.27 centimeter diameter ANSI 52100 grade steel ball placed in the

- alied @iy GRRtaIRed 4653 0RMRRD HiahRBHE Sy iR THER "

a§%¥@§%@%§é\f3ﬁﬂ9@" %’ﬁﬂt&ﬁtaﬁd@mﬁtgﬁmﬁm in gdsﬁmglmfuhersilsespiaa
insert bearing or railroad diesel engine manufacture Electramative
R S5 (NG BLA A0 PTERO FLCTHASS BB AT B | NE TBN of
tHdaReH R RasiigadhagrsaMatesoNRifogtigatib s Mpie dechedestedyor

its silver anti- wear and frictional properties. The steel ball is positioned

desgUeeth i 2o REIGith the three silver disks. In carrying out the

~ tests, the ball is rotated while it is pressed against the three disks at the

AR I R i

toiophasipbtes actDandwwritiarsinebuiihaeid pbespBatiogipioy@shinghe

aad. %eza%go?e%a&? éﬁﬁﬁtﬂ?&?gﬂ%ﬁre ! frayRed é%%QQ}SQﬂMWWh ree

MICrOSCOpeE td examine an e scars the disks, and a strain

- difepnhuersertsatiensobickivesiMieeiaorenting additiviapetpesition

C@Hﬂgﬂ%ﬁﬁﬁ% ]%8%”5%‘[%'&’ oleyl amine salt of di-n-hexy! di-thiophosphoric acid
and 1.15 mole of the oleyl amine salt of butyl acid phosphate was used to
prepare Formulations B-D. Comparative Formulation £ contained only oleyl

amine salt of di-n-hexyl di-thiophosphate.

Comparative Formulation A did not contain either the mixture of the oleyl
amine salt of di-n-hexyl di-thiophosphoric acid and fhe oleyl amine salt of butyl
acid phosphate employed in silver wear protection additive composition of the
present in\fention or the oleyl amine salt of di-n~hexyi di-thiophosphoric acid

alone. The data obtained for Formulation A was used as the baseline.
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indicates adequate silver wear protection. A low coefficient of friction is
also required. 30 Lubricating oil composition formulations were prepared
as described in Table I below for evaluating the silver wear protection
additive composition of the present invention using the Modified Silver

3 Wear and Friction Test. -27 5 Formh@Ridns A-E contained a medium
calcium overbased sulfurized alkyl phenate having a TBN of

annroaximatehs-344-4-wwheret

appreximatety-114,-wherein-the-atkyl-group—contained-12carbonatoms
and a high calcium overbased sulfufig&atiatithonated alkyl phenate
having{a TBN of approximately 250, (whigtaitfhe alkyl group contained 12 ¢
Compongg[go atoms:-Foermptations-A-E-gtsocontainedran-10-ashiesg dispersarnt;
a viscosfiptrvsativagroved &¥id a foam ifeibitor. Base'sft was L%‘é’ﬂﬂ ative
make-up%"%ﬁaﬁg?ceﬁt%‘r'@ﬁ‘éﬁ'bf FotHSAs| AR IR bR heaten

formulations was approxim@tely 17. ForrGulations A-E Bre moye fullyE

descriged i Table T pelow, TesTFpormulations BrD were prepared &/ 5
Base QiHitioh of &&§Pamine difit:-Axyl di- 15fiBphosphofic Kid and ofé

et amine putyl acid phasphate emplayed in the silver wear protection
a er%éa'lé. . L . . .
_ itive comypgsition|of thg gresent invengion at threes different 5.65
MedigBhcentrations. The silver wear protection additive compositidn
Over_basecf . 5 . . . . i .
Phergedtaining 1.0 mole ¢f the oleyl anjine salt of di-n-hexyl di-thiaphosphoric
acid-.and-1.15-mole-of the oleyl-ami yl-acid-phosghate-was
Detergsed ta 20 prepare Hormulations B-D. Comparative Formulatipn E
HigiPntained orfpdleyl lamindalt of di-n-Réy| di-thiopg8phatd. 363
Overbafnparative Formulation A did not contain either the mixture iof the oleyl
Pherameine salt of di-n-hexyl di-thiophosphoric acid and the oleyl amine salt of
h[butyi arid phosphate employedinisSilver wear protection addifive
Ashiggimpogition of the 25 present invehtion 9 ihe oleyl amjpe salt of
i ) .3 ] 04 . K 3.04
D'Spef:ﬁ?ﬁlihe yl dl-eir?fgéphos phors?c&a{md dlone. 1Bhe datia obtained fo
Viscosity figaglation A was used as the basgeline. '
"~ Improver 3.0 3.0 3.0 3.0 : 3.0
Silicon-based
Foam Inhibitor 0.02 0.02 0.02 Q.02 0.02
Oleyl Amine
Satt of Di-n-
hexyl Di-
thiophosphoric ' L
Acid + o 0.1 0.2 0.5
Oleyl Amine
Salt of Butyl
Acid Phosphate
Oleyl Amine ,
Salt of Di-n- - -— - ‘ — 0.2
hexyl Di-
thiophosphate

Silver wear protection performance of the silver wear protection additive
composition of the present invention in comparison to oleyl amine salt of di-n-
hexy! di-thiophosphate alone was determined using the wear scar data and

10 the coefficient of friction data obtained from the Modified Silver Disk Wear and
- 9G -
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30 -28 5 Table | Formulation (weight %) Components Comparative Test
Test Test Comparative Formulation Formulation Formulation Formulation
Formulation A B.C D E Base Oil 84.66 84.56 84.46 84.16 84.46
Detergent Medium 5.65 5.65 5.65 5.65 5.65 Overbased Phenate
Fibdtergéast Highes\baddied SiggRiEskeBsmwsibiskdiophesritd aRsAéss
s@ﬁﬂﬁ?‘?‘f’éﬁ #04,8194,3,04,3.04 3.04 Viscosity Index Improver 3.0 3.0 3.0
3.0 3.0 Silicon-based Foam Inhibitor 0.02 0.02 0.02 0.02 0.02 Oleyl
Amine Salt of Di-n- hexyl Di- thiophosphoric 0.1 0.2 0.5

Table !l
. Wear Scér Coefficient of

Formulation (um) Friction
Comparative Formulation A 222 - , 0.1490
Test Formulation B 2.23 0.1523
Test Formulation C _ 2.09 0.1123
Test Formulation D 2.04 | 0.1200
Comparative Formulation £ - 215 - 0.1528

The data in Table Il above shows that Test Formulations C an-d D containing
oleyl amine salt of di-n-hexyl di-thiophosphoric actd and oleyl amine salt of
butyl acid phosphate employed in the silver wear protection additive
composition of the present invention at concentrations of 0.2 weight percent
and 0.5 weight percent gave significantly betler silver wear protection than
Comparative Formulation E cohtaining the oleyl amine salt of di-n-hexyl di-
thiophosphate alone at a concentration of 0.2 weight percent. It was
surprising and unexpected that at equal concentration of 0.2 weight percent,
Test Formulation C containing the mixture of oleyl amine salt of di-n-hexyl di-
thiophosphoric acid and oleyl amine butyl acid phosphate employed in the
silver wear protection additive composition of the present invention performed
much better than Comparative Formulation E containing oleyl amine sait of di-
n-hexy! di-thiophosphate alone. Since Formulation E did not show silver wear
protection in this bench test, it was not included in the engine test in Example
Il below | |
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Acid + Oleyl Amine Salt of Butyl Acid Phosphate Oleyl Amine Salt of
Di-n- --- --- --- --- 0.2 hexyl Di thiophosphate Silver wear protection
performance of the silver wear protection additive composition of the
present invention in comparison to oleyl amine salt of di-n- hexyl
di-thiophosphate alone was deteﬁﬁ&ﬂ@@l‘é’rélng the wear scar data and 10
the coeﬁlc;ent of frlctlon data obtained fromth Modrfred Silver Disk Wear

data are summarrzed in Table Il below. Table 1 Wear Scar Coefficient of
TRermbtatidimgRyi Fenctidati@onadeareiivedHorinatide oh Bel 22w i< @@ Aested

oy O] e e A o,

- 583a En@aﬁermabmmm FeswRoamthatithéldembebt cosedring

a]gg %Ie)(b in re ?a ﬂ Q) '{Ef% ﬁ;‘zm (facrd and oleyl amine
uty e emp in the

acr er er'wear protection
addltlve composrtlon of the present invention at concentrations of 0.2

THEIgNLBRICR ANSLRRXRIs PRE ARl ER e SiBHIGRNYREHEESBY hours
wear protection than
20 minutes break-in period and 25 hours durability period. The test used two
test beanngs {one left side and one right side) that have been intentionally
sensitized by making relative modifications in comparison to production
engines equipped with production wrist pin bearings. The modifications
involve not using a lead overlay on the insert bearings and no center oiling or

oil siot is utilized by the test bearings. It is the as-manufactured surface of the

hardened steel wrist pin that is presented directly to a clean finished silver

surface of the bearing without added seating benefits of'the lead overlay, or
the improved oiling characteristics provided by the oil-hole feed and
distribution slot. The bearings are observed for silver smear under a 10
magnification microscope, and rated according to the EMD Distress Demerit
Procedure. The passing limit is 40 Demerits maximum for each bearing, and
two passing bearings from one test are required before a potential railroad

engine oil candidate can go into a fuil-scale field test.

Lubricating oil composition formulations F-J were prepared as described in
Table Hi below for evaluating the silver wear protection additive composition

of the present invention using the EMD 2-567C Engine Test.

Formulations F-J contained a medium cailcium overbased sulfurized alkyl

phenate having a TBN of approximately 114, wherein the alkyl group

* contained 12 carbon atoms and a high calcium overbased sulfurized,

carbonated alkyl phenate having a TBN of approximately 250, wherein the

alkyl group contained 12 carbon atoms. Formulations F-J also contained an
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Comparative Formulation E containing the oleyl amine salt of di-n-hexyl di
15 thiophosphate alone at a concentration of 0.2 weight percent. It was
surprising and unexpected that at equal concentration of 0.2 weight
percent, Test Formulation C containing the mixture of oleyl amine salt of

aghleredyiRR saichroYsRestAEId an IBIEY ahaRe BURRaLiatHRERphkRSe ol
m%ﬁ@@%@%ﬂﬁ@@eﬁﬂdyeé WeRhBretadtion.additierepmprsitian pLineTpEIENN of
invention performed 20 much better than Comparative Formulation E
the AeaTIAG USRS AR AP BEPEN e Hexy FRTTRIYBHBRE Hate R RO Ay
deernpiatipngig mobshaw silver wear protection in this bench test, it

was not included in the engine test in Example 1l below. -30 5 Example

11 Silver Wear Evaluation using the EMD 2-567C Engine Test The
Qaipnicatirty @iF Bonuldtitosddasdribdd inof aldletdirbeley arsiscevaluateti-n-
for sily: tection by th . S ' -
PR el 08 SR AL SRR SR RSN
eanpnsethin distrebeanvieg opeobilotopladddive sopimoBitod-efdlee resent
‘ ; : ) : o mi
OB O AR 8 DU AL
emagsticn Edmmgldécan&_ melﬂgﬁhgi@@yhanﬁaeéaéeaﬁ ﬁmeﬁt@nélq;
BRI BRkag R N AdaRians 0 GonBRIgaRARIaAIaN T35,
engines equipped with production wrist pin bearings. The modifications
timy blerchoiessinggs eaidusest iayton BHélha<rbieakinginantiosh terressilhg

i ic util ; : i t ) |
B e R L s
Graslddd gidver signiticansltbebensig twhsnuatkaiice aumgseadfis of the

R T SR A e n SRS

Soroapwmitver Rormulation E was deemed futile.

Test Formulations G-l were prepared by addition of oleyl amine salt of di-n-
hexyl di-thiophosphoric acid and oleyl amine sait of butyl acid phosphate
employed in the silver wear protection additive composition of the present
invention at two different concentrations. The silver wear protection additive
composition containing the oleyl amine salt of di-n-hexy! di-thiophosphoric
acid and the oleyl amine salt of butyl acid phosphate in a mole ratio of 50:50
was used to prepare Formdlations G-l

.32 -



magnification microscope, and rated according to the EMD Distress
Demerit Procedure. The passing limit is 40 Demerits.maximUm for each
bearing, and two passing bearings from one test are required before a
potential railroad 25 engine oll cangi%qte an go into a full-scale field test.
Lubricating oil composition formul
in Table Il below for evaluating the silver wear protection additive

=-J were prepared as described
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20 Test Formulations G-I were prepared by addition of oleyl amine salt of
di-n- hexyl di-thiophosphoric acid and oleyl amine salt of butyl acid
phosphate employed in the silver wear protection additive composition of
the present invention at two different concentrations. The silver wear
Theotestids afithaeMd RitHifoRRInRisHIIR BIBYNaRHss Salqy in Table
pdi-n-hexyl di-thiophosphoric 25 acid and the oleyl amine salt of butyl acid
phosphate in a mole ratio of 50:50 was used to prepare Formulations G-I.
30 -32 5 Table Il Formulation (weight %) Components Comparative Test
Test Test Comparative FormulatidmiBlerigulation Formulation Formulation
Formulation F G H | J Base Oil 84.93 84.92 84.93 84.56 84.67 Detergent
Medium 5.38 5.19 5.18 5.65 5.65_Qverbased Phenate Detergent. High

3.63 3.63 3.63 3.63 3.63 Ovephaasd FrhenedRimyphigss Dispersant 3.04
3.04 %O4 3.04 3.04 Viscogsity Indeippspysr 3.0 3.0{3.0 3.0 3.0
ormulation .
. Pass/Fail
Left Right
Comparative Formulation Break-in Fail : Fai
F
Test Formulation G 10.5 | 18.0 Pass
Test Formulation H 12.0 13.5 Pass
Test Formulation | 23.0 16.5 Pass
Comparative Formulation Break-in Fail Fail
J

 The data obtained from the EMD' 2-5667C Engine Test show that Formulations

G-l containing the silver wear protection additive composition of the present
invention passed the EMD 2-567C Engine Test used for determination of
protection of Si!ve.r bearings, while formulations F and J, which did not contain
a mixture of oleyl amine sait of di-n-hexyl di-thiophosphoric acid and oleyl
amine salt of butyl acid phosphate employed in the silver.wear protection

additive composition of the present invention, failed the break-in.

-Although, the Modified Silver Disk Wear and Friction Test {the bench test)

data for 0.1 weight percent of a mixture of oleyl amine salt of di-n-hexyl di-

thiophosphoric acid and oleyl amine salt of butyl acid phosphate employed in

the silver wear protection additive composition of the present invention in

Table |l above shows that the bench test was unable to detect the silver wear
protection property of this mixture at this low concentration of 0.1 weight
percent, the EMD 2-567C Engine Test data given in Table [V above clearly

shows that this mixture at 0.1 weight percent concentration is effective as a
| .34 -
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Silicon-based Foam Inhibitor 0.02 0.02 0.02 0.02 0.02 Oleyl Amine Salt of
Di-n- hexyl Di thiophosphoric 0.2 0.2 0.1 --- Acid + Oleyl Amine Salt of
Butyl Acid Phosphate -33 5 The results of the EMD 2-567C engine test
are summarized below in Table IV. Table IV Piston Pin Bearing
siamviatigrdestients it ail ik aRigpRGHApdraik /eerEerantien

dg{%@ﬁgﬂltm'u@é{ Jrosmuiation Sokenle.9 Bass.Tesiraenasiatian

.5 Pass Test Formulation | 23.0 15.5 Pass Comparative
cpogitiorsiemplerediinthe banch el dagansiyshed furtine emMprsosireted
sFAgine Test show that Formulations 10 G-I containing the silver wear

protection additive composition of the present invention passed the EMD
2-567C Engine Test used for determination of

Generally, in the petroleum industry bench tests are often used as quick
screening tools to identify compounds that show promise of a particular
performance criterion, and which may justify additional large expenditures in _
an engine test or field test. The bench test data may also assist in identifying
thé concentrations that may show performance in an engine test, but as seen
in the present case, the fower concentrations that do not exhibit performance

in the bench test, may still show very good performance in the actual engine

'test. The engine test is a much more refiable test to identify compounds for

commercial development, and in fact, passing the engine test is an industry
requirement. '
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protection of silver bearings, while formulations F and J, which did not
contain a mixture of oleyl amine salt of di-n-hexy! di-thiophosphoric acid
and oleyl amine salt of butyl acid phosphate employed in the silver wear
protection 15 additive composition of the present invention, failed the
bredatis ARiBeEh, the Modified Silver Disk Wear and Friction Test (the
bench test) data for 0.1 weight percent of a mixture of oleyl amine salt of

di’n-hekyIAFOMAYRSASHBHENR RTINS RREL SRYNS U Headng of

phosphasenpauMRyeddmphsisdver wear protection additive composition of
the present invention in 20 Table it above shows that the bench test was

unable to detect the silver w ale rot ctifo-nlgr.ogfrtéof this mixture at this
low coﬁc ntratiOrPsT P WRIGHY BErRER Wu MERIN S HRRS! ngine Test

data given in Table IV above clearly shows that this mixture at 0.1 weight
percentEoncensihttnveatipctiectionadiitysinenpesitipnoteatiprising a mixture

additive. This conc rﬂ;@ii .100,| j silver wear. .
protection in t@g@egnc teBsFtJ ée%a%?féﬁ%f ?@c\afv éft%egrﬁé?@cﬁl% |ot§ %eor%\%lﬁg);gda cid
in the bench tasy fidradiyditeardhylatitnasaitot elealted asicepbotphate; and
Generally, in the petroleum industry bench tests are often used as quick

screenjag toolsyio iSRG FAUMRALBRREHINRANPEPRNSE PhaRRYLiRIar

performance criterion, and which may justify additional large expenditures
in_an engine test or field test. The bench test data may also assist in

icntify "CaNBe L ABPRRIEALY SR pbrsiaiR e e R ihe silver
test, buiaarsenetlidn HiedRieseinepssititie I0VE) eofeepHatinnsdhatd®rgents

not exhibitgtierformance in.the bench test, may still show very good

perfornfafce I e lHEricAtRRY AL crapasiliossin e rngs RIGPRISE 01:10
reliableyegfHopdamily eoameuiEsdaveighnmersiaitdevaianmant &idileight of

fact, passing the engine test is an industry requirement. 20
P tﬁe I&r;ca’ung oﬁ composition. Y req
3. The lubricating oil composition of claim 2, wherein the ratio of the silver
wear protection additive composition in (B) to the one or more detergents
-in {C} in the lubricating oil composition is in the range of about 0.05:10
weight percent to about 3:10 weight percent based on the total weight of

the lubricating oil composition.

4. The lubricating oil composi’tidn of claim 3, wherein the ratio of the silver
wear protection additive composition in (B) to the one or more detergents
in (C} in the lubricating oil composition is in the range of about 0.1:10
weight.percent to about 1:10 weight percent based on the total weight of

the lubricating oil composition.

5. The lubricating oil composition of any one of the preceding claims,
wherein in (B) the ratio of (i) the hydrocarbylamine salt of the di-alkyl di-
thiophosphoric acid to (ii) the hydrocarbylamine salt of the alkyl acid
phosphate in the silver wear protection additive composition is in the

range of about 80:20 mole percent to about 20:80 mole percent based
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-35 What is claimed: 1. A locomotive diesel engine or marine diesel
engine lubricating oil composition comprising: (A) a major amount of an
oil of lubricating viscosity; 5 (B) a silver wear protection additive

.composition comprising a mixture of (i) a hydrocarbylamine salt of a

di-alkyl di-thiophosphoric acid and (ii) a hydrocarbylamine salt of an alkyl
acid plurstiteatetzmab iES) airibeohyaooe doly | aretisreadishid theveradisd dli-

detergents..2. The Iubr|c$tg1rgdqtlil1gor%% sition %f claim,1, wherein the ratio

of the Si {?eorh(lf)pv%a? 8% e2ton audl ea&')% s} a|tr(1a:(B) to the one or

more detergents in (C) in the lubricating oil composition is in the range of
aBout 002 jubrigatigptpeeostpaesitipo i s agmvBighb pesriceint (ke oatibef (i)
total wegl Icati I ition.13y: icati il .
comportio S B e e SE TR M Had 1,00 the
additiveystintsubilemingBptbahtheraliol anidephesphetasnitheyilmahwear
lubricati ik itian.js.i : 05 ' t

R i PO T AR S

oil. confjsrskivhioa e Hibhoateicoiiaroridsiiad shcthenidahmeien dfiéhe

ratio of 1 J iti ition in.

HE SO AL AN @ﬁ&%'oﬁh tégf -ﬂﬂ}ﬁ:ﬂ% NG
or more&g?er?ergpeér%sgi’n E%%g[he ubricg%?n ?fco pos%l?ci)ﬂrﬁs?'sé%?ﬁe%}a?ﬁg%% alkyl
of abo@csl phosplwldit percent to about 1:10 weight percent based on the
total weight of the lubricating oil composition. 5. The lubricating oil

cwpwﬁ@meﬁeau@snpédhﬁjew@fgc%wé; amUrBRIGIn(D) Bhtheste ;)
of (i) the hydrocarbylamine salt of the dl-a|k%|udl- thiophosphoric acid to (ii)

the hydhscaydypsanylamine spt ehdnedicalshbdpitierhiranbeniveacidie (1) the
protectigi RRAYRLAMPSIHRM 1R IRG! acid phosphate in the silver wear

protection additive composition is about 50:50 mole percent based on
the total moles of the hydrocarbylamine salts of the di-atkyl di-

thiophosphoric acid and the alkyt acid phosphate.

8.  The lubricating oil composition of any one of the preceding claims,
wherein in (B) the hydrocarbylamine salt of the di-alky! di-thiophosphoric

acid is essentially free of mono-thiophospheric acid.

9. The lubricating oil composition of any-one of the preceding claims,
wherein in (B) the alkyl groups on the di-alkyl di-thiophosphoric acid and
the alkyl acid phosphate are independently linear chain or branched

chain alkyl groups.

10.  The lubricating oil composition of claim 9, wherein the alkyl groups on
the di-atkyl di-thiophosphoric acid and the alkyl acid phosphate are linear
chain alkyl groups.

11. The lubricating oil composition of any one of the preceding claims,
wherein in (B) the alkyl groups on the di-alkyl di-thiophosphoric acid and
the alkyl acid phosphate independently have from about 3 carbon atoms

to about 40 carbon atoms.
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range of about 80:20 mole percent to about 20:80 mole percent based 16
on the total moles of the hydrocarbylamine salts of the di-alkyl di-
thiophosphoric acid and the alkyl acid phosphate. 6. The lubricating oil
composition of claim 5, wherein in (B) the ratio of (i) the hydrocarbylamine
salt of the di-alkyl di-thiophosphoric acid to (ii) the 5 hydrocarbylamine

salt offtine latkyitatirshphibsphaiedititimecsibieirwdar proteetivthadditvegroups on

compgsitign is in the, range of about 60,40 mgle pgreent to about 40:60
role JRrCUTT BUL B TR AT o s A B B Ol o
the diadepeintlinfindspleofiomciabantlivadikyl adordptrosphate ALOarbdihe
Iubricagn 0il composition of claim 6, wherein in (B) the ratio of (i) the
hydro@atBytamine salt of the di-alkyl di-thiophosphoric acid to (ii) the
hydrocarbylamine salt of the alkyl acid phosphate in the silver wear

prate difem lsbdicsidnepaipesitipasiiansitdaimol o perbethdated @wuppon
total moles: af racarbvliami { dinalkyl di

thiopLﬂc%p i(-%f&kfé&@lﬁ%ﬁe ?&%T%i? pr%o@%%g "g/fléhcgjﬂjbr?csﬁpnagt%il
compusiggendanthohavst tranpassadidgcarinsatams-tiraipo@) i earbon
hydrog%m@mine salt of the di-alkyl di-thiophosphoric acid is essentially
free of mono-thiophosphoric acid. 9. The lubricating oil composition of any
one of the preceding claims, 20 wherein in (B) the alkyl groups on the

didalkying-tasisrsisgh eil capesitiomel ARy aerigiiBeiatediag claims,
indepgpdgatly iingsy ehaiarduansheroGhain M/hgireesifarfife is an

lubricating oil composition of claim 9, wherein the alkyl groups on the
di-alkAlBOAYEHBEShoric acid and the alkyl acid phosphate are linear 25
chain alkyl groups. 11. The lubricating oil composition of any one of the

preceting leigiosting oil composition of claim 14, wherein the aliphatic group is

an alkyl group or an alkenyl group.

16. The lubricating oil composition of claim 14, wherein the alkyl group or the
alkenyl group on the hydrocarbylamine has from about 8 carbon atoms
to about 40 carbon atoms.

17. The lubricating oil compaosition of claim 16, wherein the alkyl group aor the
alkenyl group on the hydrocarbylamine has from about 12 carbon atoms

to about 20 carbon atoms.

18. The lubricating oil cbnipc)siti.on of any one of the preceding claims,
wherein in (B) the 'hydrocarbylamine salts of the di-alkyl di-
thiophosphoric acid and the alkyl acid phosphate are mono-
hydrocarbylamine salts, di-hydrocarbylamine saﬁs, tri-hydrocarbylamine

salts, or mixtures thereof.

19. The lubricating oil composition of claim 18, wherein the
hydrocarbylamine salts of the di-alky! di-thiophosphoric acid and the alkyl

acid phosphate are mono-hydrocarbylamine salts.
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wherein in (B) the alkyl groups on the di-alkyl di-thiophosphoric acid and
the alkyl acid phosphate independently have from about 3 carbon atoms
to about 40 carbon atoms. -37 12. The lubricating oil composition of claim
11, wherein the alkyl groups on the di-alkyl di-thiophosphoric acid and the
alkyl acid phosphate independently have from about 3 carbon atoms to
dhiut Poecauthdrataigrod. @ AR oEi® tubfieatngra| ading pstimedofeidam s,

wherein the alkyl aroups the di-alkyl,di-thio S tic acid and.the . |, .
! R D A B e R N R S A i s
aLbout H@(ggrbmlﬁamrgi%ﬂ;é .oﬁm@bikgaﬁggjﬁﬂlmpbam'ltiemdimyyagnétbb

the preceding clajms wherein | ‘ rocar roup on the

hydrog ﬁ%%ﬁ%r% %r% &?piﬁﬁic)ééqgécp%r%ﬁaleﬁ%}\%ul?rfgéﬁfg oil’

composition of claim 14, wherein the aliphatic group is an alkyl group or
atilalkehyl lgtvigatire Theanmprsiting ofl @0Mhposivbihsf erepeding\ehirm

e alghgraPiRTE R AR BB dE Y oraRYR IS Dan ™

about 8 carbon a about 40 carbon atoms. 17. The lubricating oil

compesigtresedsvifadzecheelal wetanepnirandhigh oxramaeitcuiienzed,
the hygé%m%qﬁg_%ﬁgﬁf{ out 12 carbon atoms to about 20

carbon atoms. ubficating oil composition of any one of the
preceding claims, wherein in (B) the hydrocarbylamine salts of the di-alkyl )
RZnidirolpisrtingi@hramroalion i&lanas%ia\?@ﬁ@'m%metai is an alkali
hydrogagpylamine salts, di-hydrocarbylamine salts, tri-hydrocarbylamine

salts, or mixtures thereof.

23. The lubricating oil composition of claim 21, wherein the metal is an

alkaline earth metal.

24. The lubricating oil composition of claim 23, wherein the alkaline earth

metal is calcium or magnesium.

25. The lubricating oil cdmposiﬁon_' of any one of claims 21 to 24, wherein the
detergents are a mixture of medium overbased sulfurized calcium alkyl
phenate and a high overbased sulfurized, carbonated calcium alkyl
phenate.

26. The lubricating oil composition of any one of claims 21 to 25, wherein the
lubricating oil composition has a Total Base Number is in the range of

from about 5 to about 30.

27. The lubricating oil composition of claim 26, wherein the Total Base
Number is in the range of from about 15 to about 25 based on the total

lubricating oil composition.

28. The lubricating oil compaosition of any ohe of the preceding claims,
wherein the lubricating oil composition further comprises one or more
lubricating oil additives selected from dispersants, anti-oxidants, viscosity

index improvers and corrosion inhibitors.
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25 19. The lubricating oil composition of claim 18, wherein the
hydrocarbylamine salts of the di-alkyl di-thiophosphoric acid and the alkyl
acid phosphate are mono-hydrocarbylamine salts. -38 20. The lubricating
oil composition of any one of the preceding claims, wherein in (B) the

ahk§t grobip M?m@étm%mwemr%ﬁﬂegmﬁl@abi%?.gﬁfh%emhmé-@rmfmg oil
group eprHiRalivh 3G hRRCEPRGIRES ettt ARstéNRspyAraRAsbY! group on

the hydrocarbylamine is oleyl. 5 21. The Iubrlcatlng oll composition of any
recedin cI ims, wherein | é or more detergents is
R REOPREAT BOSRREGE COPSa Tiekeh BTGB RSB RGTRN are
overbagsitlsudigipedsapaghonated metal detergents 22. The lubricating oil
composition of claim 21, wherein the metal is an alkali 10 metal. 23. The

bpicatng o compesn Shela a1 MIEIEn e sl an e

ear h me composi on o‘f claim WHerein the
alkallnel|eaﬁﬂ$anntesaelsieakatmemfmmgﬁemtanh§tﬁrm The lubricating oil
composition of any one of claims 21 to 24, wherein the detergents are a

mgure-aL i w&éﬂﬁgv%w@éﬁ%aglwsﬂﬂ}% ek Fe&@ﬁawmgh

overbased sulfurized, carbonated calcium alkyl phenate 26. T
lubricawhigiircBragubrieatiopl eHansrsiigihpasses s ﬁN@%ﬁﬁéCzﬁngme

lubricagfag;oil composition has a Total Base Number is in the range of
from about 5 to about 30. 27. The lubricating oil composition of claim 26,
wherein the Total Base Number is in the range of from about 15 to about

25basBdasommtivalieaseRaMEAr (BRI eSS engine lubricating oil

concentrate comprising:

{A) from about 90 weight percent to about 10 weight percent of an oil

of lubricating viscosity; and

(B) from about 10 weight percent {o about 90 weight percent of (a) a
sil'ver wear protection additive composition comprising a mixture
of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
and (ii) a hydrocarbylamine salt of an alkyl acid phosphate, and
(b) one or more low, medium or high overbased detergents.

34. The lubricating oil concentrate of claim 33, wherein in (B) the alkyl group
on the di-alkyl diéthiophosphoric acid is n-hexyl, the alkyl group on the
alkyl acid phosphate is n-butyl and the hydrocarby! group on the

hydrocarbylamine is oleyl.

35. The lubricating oil concentrate of any one of claims 33 to 34, wherein in
(b) the hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid is

essentially free of mono-thiophosphoric acid.

- 36. The lubricating oil concentrate of any one of claims 33 to 35, wherein the

lubricating oil composition further comprises one or more lubricating ol
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25 28. The lubricating oil composition of any one of the preceding claims,
wherein the lubricating oil composition further comprises one or more
lubricating oil additives selected from dispersants, anti-oxidants, viscosity
index improvers and corrosion inhibitors. -39 29. The lubricating oil

compogridiivchaiacsed firardlisassanitc @y fidasispyiatenifyindax

compriﬁﬁg,@og@rarﬁgr@oq,igggﬁqﬁﬁ%;%}ghe lubricating oil composition of
claim 29, wherein the dispersants are ashless dispersants. 5 31. The

lubrjcating oil composition of claim 30, wherein the ashless dispersantis
o e SRR Sl R 2 S A TB AR B B IR RS of
any ongcvidéetRieceeingrabaimsisebenednoingmbrer igiafirgsaihenmposition
passes the EMD 2-567C Engine Test. 10 33. A locomotive diesel engine

or,maripe diesel engine, lubricating oil concentrate, comprising: (A) from .
o SR LR R RS b PR e o et
viscosityaakda@®) dmmpabmg dOnisstihg peecsimtdo Emin@Owitidhepakerating
of (a) a_.15 silver wear protection addjtive c ition comprising a
mixtureOI%%?Wgﬁﬁé%c%?rgﬂﬁr%?ﬁeosaq ik iﬁ%ﬁ 'di-thiophosphoric acid

and (ii) a hydrocarbylamine salt of an alkyl acid phosphate, and (b) one or

md%e Idwnetbaifaropsitsictivg wkssdbaatingeritsa dacametiveritiatabesipine
conce i . rein. t al!ﬁg; K ) ) - .
di-thiorgt%’;s%%% acigE ig nﬂ§exyi,€§1cg aiyi grou}c?g onétlﬁgggﬁ(qﬂlgnjg% @gxkatmg

phosprteosaritigraadialirmytltocarbyl group on the hydrocarbylamine
is oleyl. 35. The lubricating oil concentrate of any one of claims 33 to 34,

Whereip ikethod for protecting silver bearings in a locomotive diesel engine
crankcase comprising contacting the silver bearings with the lubricating

oil composition of claim 25.
41. Use of a crankcase iubricating oil composition comprising:
(A) a major amount of an oil of tubricating viscosity;

- (B) a'silver wear protection additive composition comprising a
mixture of (i) a hydrocarbylamine salt of a di-alkyl di-
thiophosphoric acid and (it) a hydrocarbylamine salt of an

alkyl acid phosphate; and
(C)  one or more low, medium or high overbased detergents

in a locomotive diesel engine or a marine diesel engine.
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(b) the hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid is 25
essentially free of mono-thiophosphoric acid. 36. The lubricating oil

co the lubricating oil . i
coﬁg%ﬁﬁ%%@%%éﬁ OB A B AR miure of )
sef’eﬁf@l @Ef@ﬁnl%a%nﬁfoﬂd%@iKﬁbcgbﬂ}‘mﬁh%%vé%da@d (i) a

cohy:dmocarhyiamnme SaltWiatbtioataticop mosseaisate DtetmiReaée lubricating ol

erﬁﬁﬁd%dﬁbﬂémm%ﬂb CONGRNURASUHNES:C ﬂg%ﬂ”ésér%g %Cﬁgg{ewnt for a

ersants 5 38 A method for protecting silver bearings in a
d|e cé?@?éi‘ﬁ% é‘?&ﬁk@ﬁg@&?ﬁ&E’Iﬂ&%ﬁﬂ&éﬁ%&@ﬁ@@.ﬁ%%@éﬁmwmmt wear
théluBrieathgiiwsir elmtedSidenngsainy theecohukaiase biesiz. 138k atiothedgine or
forspretapime:sdivgineearings in a locomotive diesel engine crankcase
comprising contacting the silver bearings with the lubricating 10 oil
composition of claim 20. 40. A method for protecting silver bearings in a
locomotive diesel engine crankcase comprising contacting the silver
bearings with the lubricating oil composition of claim 25. 41. Use of a
crankcase lubricating oil composition comprising: 15 (A) a major amount
of an oil of lubricating viscosity; (B) a silver wear protection additive
composition comprising a mixture of (i) a hydrocarbylamine salt of a
di-alkyl di- thiophosphoric acid and (ii) a hydrocarbylamine salt of an alkyl
acid phosphate; and 20 (C) one or more low, medium or high overbased
detergents in a locomotive diesel engine or a marine diesel engine. -41
42. Use of a silver wear protection additive composition comprising a
mixture of (i)
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a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid and (ii) a
hydrocarbylamine salt of an alkyl acid phosphate in a crankcase
lubricating oil composition comprising a low, medium or high overbased
detergent for a locomotive diesel engine or a marine diesel engine for
protecting against wear silver and silver plated bearings in the crankcase
of said locomotive engine or said AphBA&Gdine. -42 ABSTRACT
Crankcase Lubricating Oil Composition For Protection Of Silver Bearings
In Locomotive Diese| Engines The§?esent invention is directed to a

crank& a0 lifRainbP B BR L GPBPR Bt SPbFSRIecHOM R SHiver
locomotive diesel eBaipSPMALSEENMOliIdeTHRISS AEHIhekan oil of

lubricating viscosity, and (B) a silver wear protection additive composition,

and (C) one or more detergents. The silver wear protection additive

cbheppetenidhtemiivessrdicéadidn sargrisessea hlxtordingf ¢if @omposition for

droc % % iz b],}/ (gitlgt r |

B B PR 910 Sl RO e i AE8h g (4)
major amount of an oil of Eubr_lcatmg V|30051ty, and (B) a silver wear protection
additive composition, and {C) one or more detergents. The silver wear
protection additive composition of the present invention comprises a mixture
of (iYa hydrocarbylamine salt of a di-alky!l di-thiophosphoric acid and (ii) a

hydrocarbylamine salt of an alkyl acid phosphate.
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